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PREFACE

These proceedings record the opening address, the papers and the discussions at the
Aerospace Medical Symposium on "Occupational,Medicine Relevant to Aviation", held in
the Government Press Centre in London, England, in October 1983.

The theme

The sub-committee on special clinical and physiological problems suggested that the
Panel devote a one-day-symposium to occupational medicine. Seven years had elapsed since
the Specialists' meeting in Athens, Greece, where session B was called "Special Aspects of
Aviation, Occupational and Environmental Medicine". The sub-committee felt that in view
of the fact that aviation medicine and occupational medicine are so closely related and the
fact that, as an average, 25 non-flying personnel are required to support one aviator, it would
be wise to direct the limelight to occupational medicine once again.

The format

There were eight papers presented, the first being an invited paper to set the stage in an
overview of the field of occupational medicine. There followed four papers on toxicology,
one on vision problems and two on laser.

During the welcome ceremony Air Marshal Sir David Atkinson delivered an opening
address that drew such a well-balanced picture of the philosophies behind it all that I am very
happy to have gained permission to poblish this speech.

Conclusion

It was felt that the overall picture and a few subjects of the field were very well covered,
but the field is so vast and so important that I am convinced that the Panel should not let
another 7 years elapse before paying attention again, with more subjects treated, to occupational
medicine relevant to aviation.
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OPENING ADD)RESS

by

Air Marshial Sir David Atkinson
DGMS (RAF)

First Avenue House
Hfigh Ilolborn

London "'CIV 61 IF
UK

I would like to extend a very warm welcome to the A~erospace Medical Panel of AGAFRD
to London on the occasion of this meeting on a subject particularly dear to my heart-
'Occupational medicine relevant to aviation medicine'. It is good to see old friends
and colleagues from my own time on the Panel. I have often thought it is a pity career
considerations sometimes make for too frequent changes in representatives. This is a
truly international meeting held-tu London with a Netherlands Programme Organiser and
attended by a wide range of distinguished Service and civilian colleagues from the NATO
nations. Having listened to many opening speeches of welcome I shall keep my remarks
brief. The role of the Flight surgeon at a flying base is becoming no easier. lie is
now expected to be an expert primary care physician looking after not only aircrew but
ground personnel and in many countries their dependants as well. He is expected to be
the infallible adviser on all aspects of aviation medicine which I believe we all see
as a branch of the wider specialty of occupational medicine. On top of this he is
expected to ensure the continuing health of his population by his knowledge and
practice of preventive medicine, public health and social medicine or as we call that
group of specialties in this country, community medicine. It is a very tall order and
brings with it a high cost; a cost in time as well as money and in training
requirements.

Occupational medicine as I have said, embraces that subject so fundamental to all
our work; aviation medicine. But aviation medicine is not by any means the whole of
occupational medicine that must be practised in a modern air force, as many of the
papers to be delivered at this Symposium illustrate most effectively. Many materials
in use in our work are potentially toxic. It is our task to see they are not allowed
to degrade the performance of or cause ill health in any of our air or ground crews
and in this we use the well tried principles of occupational medicine whicn I do not
need to spell out to this expert audience.

Occupational medicine, social medicine and in this country, community medicine are
comparatively new as medical specialties in their own right. It is in a sense a pity
that a closer relationship does not exist between the various bodies responsible for
training and the setting of professional standards. After all there is much in common:
all are concerned with the health of the community whether at work or not and the early
professional training of practitioners of occupational medicine, preventive and social
medicine and public health has common roots. For example, the principles of epidemi-
ology and statistics at the very least. A rapprochment of professional bodies along
these lines would, I suggest, make the training of air force flight surgeons a little
easier. An initial early common phase of training, might be required of all those who
would diverge into the various specialties later on.

I have drawn attention to the formidable expertise across the disciplines required
of most flight surgeons. I believe it not only cost effective but likely to produce
more balanced advice to commanders if the flight surgeon is adequately expert in the
range of specialties I have mentioned. This may not be important where manning
problems do not exist and a nation can afford a host of specialists at each base. But
that I suggest, is not the case for most of us. What I am really saying is that the
flight surgeon needs a wide experience but we should be able to simplify his acquisition
of qualifications.

But this symposium is not about training and not wholly about occupational
medicine in military practice. I am delighted to see civilian participation in the1+ proceedings and to note the wide variety of occupational health subjects which will be
addressed. The discussion will as ever, I am sure, be spirited and lead to valuable
out of symposium exchanges of information and to permanent contacts in your various
fields of expertise.

I hope that you will find the facilities here meet with your approval and that you
have a most useful conference and a happy stay in our capital. Regrettably I shall

% myself miss most of the sessions but I look forward to reading the full report in due
course.

I wish the meeting every success.



REVIEW OF OCCUPATIONAL MEDICINE
RELEVANT TO AVIATION MEDICINE

H. Zuidema, MD, DIH0 Director Philips Medical Ser-vice

0. Eindhoven, The Netherlands

0 INTRODUCTION

CMast of the personnel involved in Aviation do their job on the ground. Only a few
of them has to perform their tasks in the air or in space. Therefore one could even
consider Aviation Medicine as a specialized brsnch of Occupational Medicine. Because
Occupational Health Care of all personnel involved in Aviation will also be the res-
ponsibility of the medical service, it was considered useful to discuss Occupational
Medicine at this' meeting. As an occupational physician working in industry I am
honoured by your invitation to start this meeting with a general review of Occupational
Medicine. In the chapters following I shall try to present those items of Occupational
Medicine which can be of interest for all personnel involved with Aviation.7

AIM AND SCOPE OF OCCUPATIONAL MEDICINE

A discussion about Occupational Medicine requires in the first place a clear view
on the aim and scope of this branch of Medicine. In a simple way one can state that pre-
vention, diagnosis and treatment of occupational injuries or diseases belong to the field
of Occupational Medicine. In most of our countries however the treatment of diseases and
injuries is well provided for. But to detect and prevent occupational health hazard is
quite another matter and is ourtopic of interest.

For the purpose of this international meeting I like to introduce two suitable oerinitions:

"The aim of Occupational Medicine is the protection and promotion of the
health of the worker, in so far the arising problems are related to his
job or his working conditions."
and

"About the scope can be stated that Occupational Medicine is that branch
of Medicine, which is engaged in the interaction of the worker and his
material and immaterial working conditions. The occupational physician
works inside the enterprise in close co-operation with other officers."

Wherep's the human tasks, the jobs and the working conditions are created and organized
by many different people, it is not a simple matter to achieve this aim of Occupational
Medicine. In the first place Occupational Medicine must be an accepted policy and activity
within the enterprise. In the second place the involved medical department has to
establish a good co-operation with other departments and with responsible managers.
Otherwise the occupational physician will not be able to investigate and advise according
to the required wanted standards.

But how do we engage in the interaction of the worker and his material and immaterial
working conditions? We have to study and supervise the relation of the worker with his
job and his working conditions. Overlooking the total field, we can reduce this to
three basic questions:
1. Can the demand of the job meet the capacities and condition of the worker?

This is a continuous process: the demands of the job can change as well as the

condition or capacities of the worker. Our knowledge of the demands must be kept up
to date and we have to examine the worker if indicated.

2. Are the working conditions a possible health hazard and if so: how can we reduce the
health risk to an acceptable minimum?
One could call this chapter the occupational hygiene. All new tasks, technologies,
tools, devices, chemical compounds, working rooms etcetra should be investigated and
analyzed for possible health hazards. Measures to keep a possible health hazard
withinowantedulimits must be advised. A good follow-up is needed for all the known
hazardous situations.

3. How can the worker perform his task in a healthy way?
Working itself should be a health promoting factor. The human being is made for
activity. Lack of activity is detrimental to the condition and to the capacities
of the worker. Here we have to find the optimal compromise between workload/job
demands and human possibilities. To fit the job to the worker is the well known
slogan here. This field arose from Aviation in the past and was first called Human
Engineering. Later we called it Ergonomics.

After thin yielding of Occupwtional Medicine we shall now look into theme three items:
individual care
hygiene
ergonomics
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INDIVIDUAL OCCUPATIONAL HEALTH CARE

The occupational physician should permanently try to keep in balance:

the demands of the job vess the condition and the
the workload capacities of the worker

Nowadays we have a rather good insight to estimate which workload a normal healthy
adult can handle during his working life of about 30 years. The difficult medical part
of it arises when the workload demands more and when we have to deal with an adult
who cannot meet the normal capacities anymore. Let me give you some specific examples.

Standing work. This means work in which the feet form the only supporting surface for
the body. An there is no significant foot movement. An acceptable workload for a nor- I-

mal adult during his working life is 30 minutes in succession and not longer than three
hours in total per workshift. If the workload of standing is more, then the worker needs
a very good functioning pair of feet and legs besides a strong back.

Walking work. A normal healthy adult should be able to walk in a normal speed over a
flat non-slippery surface during the whole workshift (8 hours a day), provided that he
can have his sitting rest pauses for tea, coffee and lunch.

Climbing stairs. This is a heavy physical workload for which the locomoter system, venti-
latory system and circulation should be in a good conditions. A normal adult
should be able to walk normal stairs in a building at least 4 times per hour and the
upper limit is estimated at 10 times an hour. When climbing stairs also means working
on ladders of scaffolds, the worker must have a good sense of equilibrium and no fear
of heights. Of course this kind of work is not suitable for diabetics and epileptics.

Sedentary work. A normal adult can work sitting for one hour in succession and for
90% of one workshift. However compensating physical exercise is needed to keep up the
condition of the locomoter system.

Bending the spine. Even without using strenght by lifting, pulling or pushing, there
seems to be a limit to the bending frequency of the spine. For the healthy adult this
safe limit seems to be between B0 to 120 times per workshift. Standing or sitting with
a bent spine, a stooped working posture, should be avoided for everybody.

Lifting weights. Sex, age, distance of lifting, manner of lifting, size and weight of
* lifted object etc. are factors to take into account. There are tables with permissible

loads available. Manual handling of heavy objects can only be done by well instructed
* and trained people.

Optical work. If the job demands a perfect visual acuity and perception without the
use of spectacles, only a minor part of the random population can meet this requirement:
at the age of 20 years we can expect about only 30% and
from the age of 20 throughout the age of 45 years old only 15% and
from the age of 20 throughout the age of 65 only 1%
Criticism and a proper analysis of the visual demands of a given job is needed. All
too often this need is overestimated. Testing drivers in normal daily traffic situations

taught us that with one eye with a visual acuity of 65% and a poor colour perception, safe
driving still was possible.

Hearing. If the job demands a good verbal communication only a slight hearing impairment
is permissible. If the loss of hearing in the audiogram is more than 30 dB problems can

be expected. Noise abatement and hearing conversation are of paramount interest in orga-
nisations where verbal communication is important. Thiadefinitely applies to Aviation.

Exposure to heat or cold. Exposure limits for normal adults are available, but we have
to realize that extreme exposures of short duration are only possible if the condition
of the circulation is good.

Exposure to dust or vapours. Here exposure limits are also available and these only
apply to adults with a good function and condition of the ventilatory tract. People
with an allergic, infectious or impaired condition of their ventilatory tract should

*preferably work in a clean environment. Tobacco smoking is not only a risk for the
smoker but in a poor ventilated room for others present too. Oil mist, glues, paints,

*welding and soldering all give hazardous exposures.

Shiftwork. An extra workload is working instead of sleeping. The interruption of the
normal biological rhytm requires a good condition. Impairment of the metabolism or of
the digestive system of the worker are contra indications for shiftwork. A special part
of shiftwork is the time lap by travelling in the east-west and vice versa direction.
The human being seems to be able to adapt to these disturbances of his rhytm, but
research of physiological parameters shows that he never gets used to it. To prevent
fatigue, sleeping disordmrs and digestive problems it is recommended to give the
worker 24 hours off after a nightshift or after a time lap of more than 6 hours.

Sofar these examples. It is clear that in case the demands exceeds the possibili-
ties of the normal adult that the worker must be selected for the job. I would like to warn
you that in setting the demands for a given job the occupational physician also haes to
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advice. Non-medical people tend to ask for the best possible here, which leads to the
risk that only very few workers can meet the demands.

Medical examination in Occupational Medicine is not meant to diagnose abnormalities,
diseases or injuries. It is meant to estimate which workload is suitable for the exa-
mined person.
We need therefore all kinds of function teats in our examination.
As routine program at least: blood pressure, pulse rate (if wa ted during exercise too:,
lung function test, visual acuity tests, hearing test, function of the joints and mus-
cles (if wanted strength tests too).

When is an examination by the occupational physician indicated 9 To start with a pre-
employment examination of course. Not only in case a selection is needed, but also to
have points of reference later. Another indication is a worker complaining about his
work. To keep up with a state of good functional health ot the viorking population the
occupational physician should examine at regular intervals all the workers with high
demands in their jobs and with dangerous exposures. These examinations should be spe-
cific: for example in the case of exposure to noise above the safety limit hearing
tests must be made. The periodicity depends on:
- the risks involved
- the findings of the latest examination
- the age of the worker, because the process of ageing can vary individually.

The condition and the capacities of the individual will change in time. An important
change can be caused by a disease or h> an injury. Therefore the occupational physician
has to check every worker who has suffered a serious illIness or injury to see if the treatment was
successful and Lwhether or not tile capacities were impaired. A prolonged absence from work
reduces the condition, so a period of training on the job can be useful. If the impair -
ment of a capacity is permanent, which means that the workload or the demands of the
job cannot be met anymore, than the worker should be transferred to another job, which
meets his new possibilities. In that case a trainling program can be needed too o1- cour-
se. To dismiss or send into early retirement a worker who cannot do his original job
seems to me a waste of manpower, human wellfare and money. In many cases another suit-
able job can be found in the Organisation.

OCCUPATIONAL HYGIENE

This term is not often used. We are accustomed to the term industrial hygiene, but rea-
ding the literature of that field one only meets the problems of physical, chemical or
biological exposures and hazards. Problems of working time, working speed, mental per-
ception, vigilance and human relations are not to be found in industrial hygiene lite-
rature. Therefore I prefer the term occupational hygiene if we discuss the problems of
the possible health hazards in the working conditions. In the following review I pa)
attention to those items I think of interest in Aviation.

Chemical hazards. Repair and maintanance of' aircraft will lead to the use of many dif-
ferent lubricants I presume. An important compound in lubricants is of course oil. In-
tensive skin contact with oil can lead to skin cancer. Benzpyrene and other aromatic
components of oil are suspected to be the carcinogenic substances.
Furthermore there have been publications that inhalation of oil mist can) lead to lung-
cancer. It seems possible to reduce the amount of aromatic components in the oil used
for lubricants.
If a choice is possible for technical reasons the use of an oil with a lower amount of
aromatic components must be prefered.
Skin exposure to lubricants should be kept as low as possible and inhalat ion of oil
mist should be avoided. Pay special attention to the working clothes: impregnation with
oil means a very intensive akin contact. In lubricants are used man different additi-
ves for the purpose of anti-corrosion, conservation or for technical reasons. Seteral
of these additives can cause skin irritation or a dermatitis.
Glues and paints are to be handled with care too. They all contain 5rilvents: skin con-
tact can give dermatitis and inhalation can lead to poiaoning.Pigrnents used in paints
sometimes contain toxic metals like lead and cadmium. For glues, coatings as well as
for isolation resins are in use of which epoxy and isocyanate are real health hazards.
Hydrazine will be discussed today.
Welding can be a health hazard in different ways: the welding fumes are dangerous and
inhalation should be avoided; the ultraviolet radiation irratates the eyes and can
cause ultraviolet radiation irratates the eyes and can cause the formation of ozone
in the air; if there are vapours of chlorinated hydrocarbons in the room ozone causes
the formation of phosgene, a very poisonous gas.
Prevention of the workers suffering from the exposure to chemical hazards consists of
the following procedures:
- limit the amount of exposed workers; handling and work with chemical hazards should
preferably be done in rooms or areas restricted to others.

- good ventilation of the room and if necessary extra local exhaust. With environmen-
tal monitoring at regular intervals must be checked that the presence of the toxic
substance in the working area is kept well below the safety limits.

-periodic medical examination of exposed workers should be considered.
-workers must be instructed about the proper way of working and how to clean spilt
material. If necessary protective gloves, aprons, eyegoggles etc. have to provided.

Physical Hazards. Aviation made history itself in causing and detecting important ha-
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zards. The danger of radium was sadly illustrated by causing carcinoma and sarcoma
among the workers who painted instruments for aircrafts. Other specific problems of
ionizing radiation in Aviation today are not known to me.
Radiological protection is quite a difficult part of industrial hygiene: ionizinj
radiation is difficult to detect and measure.
Also in relation with Aviation the health hazard of microwave was discovered: early
cataract among people who worked with radar deviices. Today we know the dose-effect
relation of microwaves and safe exposure limits.
The LASER is another dangerous device, especially in the wave lengths between 400
and 1370 nanometer. That LASER radiation passes the eye and reaches the retina. A
small LASER beam can in that way cause a very serious lesion, impairing the visual
acuity. The concentrated and well transported energy in the LASER beam causes burns
in other parts of the body when absorbed there.
Noise can be another physical health hazard. Damage of hearing by noise is a well
known hazard. The dose-effect relation seems to be established so by measuring the
sound pressure levels the risk for exposed workers can be estimated. But noise is
thought to cause more health damage: unexpected irregular noise seems to be a
stressor. Some epidemiological studies showed that among noise exposed people more
cases of high blood pressure could be found.
Prevention of health damage by radiation or noise can be reached by:
- to limit the exposed workers; noise producing work and work with radiating de~ices

or scources should be done in restricted areas, forbidden for unauthorized people.
If noise or radiation is produced in open space than use distance from the point
of production as safety borders. This cannot be applied to LASER of course, but
is commonly used around radar transmitters.

- shielding the scource or the device is very effective protection against radia-
tion or noise. 1

- for ionizing radiation, like rontgen, gamma, neutrons, a personal monitor can be

used. These also are available for noise, but everybody can of course no'ice the
noise.

- periodic medical examination of exposed workers should be considered.
- workers must be well instructed and trained about the proper safety procedures.
Permanent supervision is necessary. 

1

Tempo and duration. There are clear limits to what a human being can endure, If the
worker has a normal workload, can work in his own chosen speed, can sit or walk by
choice arid is not exposed to outside stressors, than he can easily work for 10 to
12 hours in daytime per day. But if his workingspeed is dictated by a machine or by
others, symptoms of fatigue can be expected within three hours, If the job demands
an optimal vigilance, especially with permanent mental perception, then the utmost
limit is two hours in succession for an adult in good condition. Peaks of heavy phy-

sion, preferably within one hour. But after such a workload peak a rest is neces-
sary. Mental fatigue arises from frequent and unexpected disturbances or from inten-
sive visual and/or auditory perception. The danger of mental fatigue is that it im-
paires the vigilance and can make the worker accident-prone.
Spells of fatigue can lead to exhaustion and nervous breakdown.
Recovery of a nervous breakdown takes much time. Complaints about fatigue should
therefore be seriously examined including an analysis of the demands and workload
of the job.
Energetic activity by manual work in a regular speed can be done during prolonged
periods of time without causing any problem or complaint. But sudden peaks of
energetic activity during a short time are experienced as a very heavy workload
by the worker.

Human relations. The interaction of human behaviour in relation with others can
promote his health and well being, but if the worker is getting stressed hy problems
in this field, his health can be detrimented. And this can happen to everybody at
anytime.
For the occupational physician a rather difficult problem, because the reactions are
very subjective and depend completely upon that individual in the given situation.
We all know that serious problems in the family relations can cause signs of stress,
the most frequent stessors here are: sudden death, marriage problems (sexual, divor-
ce), difficulties with the education of the children, financial problems and housing
problems. But how about the human relations-*in the working situation ? Everybody
needs a certain amount of self-esteem, self respect. Ambition and carreer expecta-
tions is present in at least 25% of the workers. Having a clear indentity for the

*people you have to live with or to work with stimulates your self-esteem Replacement
of people or transfer of one worker, should be done very careful and attention must
be paid to the job identity of the men involved. Leadership of the managers plays an
important role here.

ERGONOMICS

This activity started during the second world war especcially in Aviation. In the be-
ginning it was celled human engineering~ and later also human factors in industry.
In 1949 Murrell in the United Kingdom proposed the now world wide adapted term
ercionomice, derived from the classic Greek words ergon (work) and nomos (rules). I
think the beat answera to the question "how can the worker perform his task in a
healthy way ?" are to be found by applying the principles and procedures of ergono-
mice. In the former two chapters the health hazards of working were the main topics,
but here we are able to achieve health promotion. By improvement of the working
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conditions, the tools, the devices, the furniture etcetera we make the job more human
and comfortable. In many cases the efficiency of the worker improves also. Because of
this possibility I emphaaize the need of Occupational Medicine to play an active role
in the ergonomics or human engineering in hia enterprise: don't leave it to designers
or managers, but seek active co-operation with them.

The leading principle in ergonomics today is: "fitting a good job to the worker'. Thet
ideal situation is of course to start with new jobs and tasks, but that will be an oc-
casional opportunity. In moat cases we have to deal with existing situations.
For that purpose ergonomic checklists are available to analyze a given job. By means
of such an analysis it is possible to advice about improvements. W~e have to give our
advices in a ranking order, because it seldom is possible to realize all the advised
improvements at once. Before giving a review of several items to be considered, let us
consider the meaning of a glood job. F or a worker his job must contain the right amount
of challenge and responsibility. Lack of challenge and responsibility is as great a
stressor as too much of them. Too many stressor ause signs of stress and a prolonged
stress condition leads to illness and disease.
In daily practice it is easier for the occupational physician to get the workload re-
duced for an individual worker than to get him a more interesting job. Neverthejess if
it can be show that workers have a very simple job, which frustrates them, it is good
health promotion to try to reach improvement here. Be careful in analysing a given job,
not to look at it through your own doctors glasses: you will consider many jobs as too
simple

For us an important part of ergonomics is that of the proper working postures. Bad wor-h
king postures will always give rise to physical symptoms after a certain period of ti-
me. The seriousness of these symptoms depends on the individual resistance of the wor-
ker against the particular posture, or in other words: on the anatomical and patholo-
gical conditions in the joints, muscles and tendons which are being strained by the
posture. For example: standig work with a bent spine, the so-called stooped posture
is poison for the lumbar region; of the people who have to work in a stooped posture
several hours every day all wil get low back pain, but number one within the first
year and the last one after 30 years.
Fixation always leads to strain in muscles, joints and tendons.
Movement and variation of the body posture during work is important to prevent problems
of the locomotor system, Well designed and adjustable furniture can be useful to help
the worker to keep an optimal body posture. This is necessary for "orkers v~ho have not
much variation possibilities, for example in offices or "orkshops. Specialized seden-
tary work with no opportunity to stand up and walk at regular intervals needs special
designed chairs. The static load of the muscles should be compensated by good exercise.

It is thought that adding vibration (between 2 an 10 herz' to sedentary work for pro-
longed periods of Lim-~ cain cause lumbar injuries: lorry drivers I For the proper postui-
res in manual labour like lifting, carrying, pulling and pushing guidelines and expe-
rience are available. In several countries recommendations for permissible loads are
made or are in preparation.
Recommendations for the optimal conditions in working rooms have been made and most
of them are internationally accepted, like for: i
-climate: air velocity, temperature and humidity.
-accepted noise levels for steady state background. I
-needed illumination and proper lighting.

For the different kinds of working activities the demands of course vary. In a store
where the workers have to do physical labour the temperature must be lower than in an
office. In a mechanical workshop a noise level to 75 dB is acceptable, while in a con-
ference room the background lever should not exceed 40 dB.
In an office an overall illumination of 500 lox is sufficient.
If wanted extra lighting per desk can be added. in a technical drawing room glare free
lighting and an illumination of at least 800) lox is needed. TV' monitors or other lighted
screens needs special attention with regard to glare and reflection.

The most creative chapter of ergonomics is that of the design of the working place it-
self. Aviation produced splendid examples of good human engineering in cockpits of air-
crafts and in some traffic control rooms of airports. But at the same airport one hap-
pens to find very bad constructed work places with visual display units. The freight
room in the aircraft with the splendid constructed cockpit in only 160 cm high so that
the personnel handling the luggage must do that with such a bad working posture, that

* many lumbar injuries occur.
There are excellent guides for equipment designers and constructors. If in a given work-
place much equipment is needed, than the placements is space becomes very important. A
good procedure is then to make a mock up and to try it out with experienced workers.

A special problem we meet in jobs with high demands of mental perception and decision.
Viisual and auditory signals are offered to the wo0rker and he has to percept them and
react to them. Too many signals at the same time blocks the perception and the wanted
decisions are not made. To avoid this logic combinations of signals can be made, which
are to be presented after each other.
A steady flow of different aignals which asks for different decisions in benificial for
the vigilance. In guarding functions the problem is that nothing ever happens unt ill a
certain moment. That vigilance gets impaired will be clear. the job of the "guard" must
be organized in such a way that his attention and his reactinn is wanted at least three
times an hour.



I-6

[PILOGUE

In the previous review I emphasized the prevention of occupational diseases and Irju-
ries. The aim is of course that they can be prevented, but reality shnv~s that they will
still occur. In the past accident analysis, exposure investiqation and their epidemri -
logy has been the start of Occupational Medicine. Today we still have to do that but
on a smaller scale. Every accident should be analysed and followed by adtice to impro-
ve the safety if possible. Don't accept too easily the verdict that the cause of the
accident was an error of judgment or another human failure: a poor design or construc-
tion of the job or working condition could be the reason of the then understandable
error of judgement.
A good first aid organisation can reduce loss of life and validity arid is therefore of

interest too.

At last I have to refer to the available literature on Occupational Medicine. If you
study the text books of the different NATO countries together then you will perhaps
find all the items I mentioned. That is because the development and practical orgarn-
sation of Occupational Health Care differs from country to country. In this review I
have tried to mention those items, that could be useful in NATO AVIATIO\ to my perso-
nal opinion.

SUMMARY

At first the aim and the scope of Occupational Medicine as a special branch of Medicine
are outlined. The conditions needed to practive Occupational Medicine are to be taken
in account too.
Next a review of specific items is presented in three chapters:
- occupational health care of the individual worker,
- occupational hygiene and
- ergonomics.
The preventive character of Occupational Medicine is emphasized but of course epide-
miology, accident analysis and first aid organisation are still important.

DISCUSSION

Maat: You stated that a rest is necessary after two hours vigilance. Do you know
how long the rest period has to be before another period of vigilance?

Zuidema: Research has been done but the results are difficult to interpret. The limit
of two hours has been demonstrated by the increase of faults and failures.
The advise is a minimum rest of 5 minutes, a sufficient rest is 5-10 minutes.
Research is needed to prove this.

Price: I was wondering if, since you recommend rest periodically with certain types
of occupation, you have any programs for recommending activity intermittent-
ly with certain sedentary positions in the work.

Zuidema: No, not a proper program, but we should emphasize the need for exercising
the locomotor system for people having a sitting job or any other job with
lack of physical activity.

The difficulty with establishing a program is that it is dependant upon the
social and cultural situation.

Chase: Can the working height for a given procedure be predicted according tu
either the sitting or the standing height of the individual?

Zuidema: The working height should be adjustable for the height variation in a normal
population is 30cm. If that is too difficult, you can compromise by choosing
a standard height, but never design it for eternity, one should be able to
change it.

Chase: Would you find for example that all people who are six foot tall require the
same working height?

Zuidema: No, that also depends on the kind of work, but you would cover at least 95%
of the workers.

Perdriel: Besides heat, cold, noise, toxic substances, the bad position people often
have to work in is a cause for sickness. We found that adjustable scaffolds
for people who work on aeroplanes reduce the number of accidents by 15%.

Zuidema: I agree, I found the same in the building trade.
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HYDRAZINE TOXICOLOGY: IMPACT ON SAFETY& HEALTH IN MILITARY AVIATION

GEORGE C. MOHR, Colonel, USAF, MC
0Commander, AF Aerospace Medical Research LaboratoryoWright-Patterson AFB OH 45433

Men bear no mark that I know of denoting their
great or their small susceptibility to mercury.

Latham

SUMMARY

Hydrazine is a chemical of considerable military interest widely used as a rocket fuel
and as a propellant for gas turbine generators. The Air Force Aerospace Medical Research
Laboratory has conducted extensive studies of the acute and chronic toxicity of hydrazine.
In this paper, the protocol used for toxicological evaluation of potentially hazardous
chemicals is briefly described; pertinent data on acute effects are summarized; and the
results of a large scale oncogenic evaluation are reviewed. In the concluding section
currently accepted guidelines for occupational medical management in the workplace are
presented.

INTRODUCTION ,

Fracastoro, Italian physician and poet, suggested morbid processes in man could be
divided into two classes: those which were contagious and those which were not. With his
historic publication in 1546, "De Contagione et Contagionis Morbis," Girolamo Fracastoro
established himself as the father of scientific epidemiology. Over the centuries that
followed, great advances were made in understanding, preventing and treating diseases of
contagious origins. Less emphasis, however, was placed on the disease processes of non-
contagious origin - those morbid conditions attributable to "emmanations, effluvia and
miasma." Today's occupational medicine specialist is forcing a reexamination of medical
priorities, since the principal risks to health in the workplace are now predominantly
the result of exposure to non-contagious agents. For example, present day occupational
hazards can be conveniently divided into four classes:

1. Chemical agents including dusts, gases and pollutants of soil or water.

2. Electromagnetic agents including ionizing radiation, laser radiation, RF
radiation and thermal extremes.

3. Mechanical agents including noise, vibration and impact forces.

4. Biologic agents including bacteria, viruses, toxins and allergens.

Of these four, perhaps the greatest threat stems from exposure to chemical hazards since
the associated health effects may not be recognized for many years and an "effective dose"
may only be received after protracted exposures to minute quantities of material. This
is particularly true for the class of highly energetic organic compounds that are commonly
used as fuels for advanced propulsion systems and power generators. It is not surprising,
therefore, that the Air Force Aerospace Medical Research Laboratory should have performed
exhaustive studies of the toxicity of hydrazine widely employed as a rocket fuel and as a
mono-propellant for gas turbine generators. In the sections that follow, the data base on
hydrazine toxicology will be reviewed and currently accepted exposure standards described.

CHEMISTRY AND UTILIZATION

Hydrazine is a hydroscopic, polar base with a slightly ammoniacal odor. It is water-
miscible and readily combines with acids to form crystalline salts. It also can be com-
bined with various organic radicals to produce a wide variety of very useful industrial
chemicals. Authorities of the National Institute of Occupational Safety and Health
(NIOSH)(I ) estimated in 1978 that some 90,000 workers were at risk of exposure to hydra-
zine in the workplace. It is commonly used as a polymerization catalyst, as an oxygen
scavenger in boiler water and as an intermediate in the synthesis of a variety of agri-
cultural, industrial and pharmaceutical chemicals.(2) Military interest stems mainly
from its use as a propellant for the Titan II missile and the emergency power unit of the
F-16 aircraft.

TOXICOLOGICAL EVALUATION

MacNaughton (3 ) has pointed out that a complete toxicological evaluation of a new
chemical may require 5-7 years to complete and cost up to $1,500,000.00. This, in part,
results from the specific requirements mandated by environmental safety and health legis-
lation and the implementing federal regulations. For example, the Toxic Substances Con-
trol Act of 1976 requires an extensive range of tests including investigation of acute,
3ubacute and chronic effects with emphasis on mutagenic, teratogenic, oncogenic and
reproductive effects as well as environmental quality impacts. The protocol used in the
Air Force Aerospace Medical Research Laboratory for evaluating the inhalation or skin
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absorption hazards of a new chemical is represented diagrammatically in Figure 1.
(Redrawn from Ref. 3)
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ACUTE TOXICITY

As is typical for most toxic chemicals, the dose of hydrazine which produces toxic
effects varies considerably among different animal species as well as by the concentration
times duration and route of exposure. The observed LD5 0 for oral or parenteral routes
generally falls in the 20-120 mgm/kg range for small laboratory animals (rodents, rabbits,
dogs) (l). Acute signs and symptoms include respiratory distress, restlessness, vomiting
and CNS effects. Pathologic findings include renal, liver and respiratory damage, disturbed
carbohydrate metabolism and skin burn on contact. Hydrazine is readily absorbed through
the intact skin requiring prompt action by flooding contaminated skin surfaces with clean
water to prevent absorption of a systemically toxic dose.

CHRONIC TOXICITY

(4)Haun and Kinkead investigated the response of several species of animals to 1.0 and
5.0 ppm intermittent inhalation exposure to hydrazine over a 6 month period as well as to
0.2 and 1.0 ppm continuous inhalation exposure for the same time period. Canines exhibited
10-20% reductions in hematocrit and evythrocyte count for 5.0 ppm intermittent and 1.0 ppm
continuous exposures. Rat subjects showed dose-related growth rate depression. Mice
exhibited fatt liver changes at the highest exposure levels only. Early studies by
MacEwen, et alT5) suggested that mice exposed to 1.0 ppm continuous or 5.0 ppm intermittent
inhalation levels of hydrazine developed increased occurrences of alveolargenic carcinomas,
lymphosarcomas and hepatomas. These findings prompted a major follow-up investigation of
the oncogenic potential of hydrazine inhalation exposure conducted by the Air Force Aero-
space Medical Research Laboratory during 1974-1979. The results of this definitive study
are reported by MacEwen, et al in AFAMRL-TR-81-56( 6 ). Table 1 summarizes the salient
features of the experimental design.

Hydrazine Conc Animal Subjects
ppm Species No. Male No. Female

0.05 Mice 400
0.05 Rats 100 100
0.25 Mice 400
0.25 Rats 100 100
0.25 Hamsters 200
0.25 Dogs 4 4

1.0 Mice 400
1.0 Rats 100 100
1.0 Hamsters 200
1.0 Dogs 4 4
5.0 Rats 100 100
5.0 Hamsters 200
Control Mice 800
Control Rats 150 150
Control Hamsters 200
Control Dogs 4 4

Table 1. Experimental Design for Hydrazine Inhalation Exposure.

The inhalation exposures were accomplished on a 6 hour daily, 5 day weekly basis over a
one year time period, simulating an "industrial exposure" profile for "at-risk" members
of the general work force population. The rodents surviving after the exposure period
were held variously for 12-18 months post-exposure or until dying naturally. All animals
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were carefully necropsied including histopathologic examination of 33 separate tissues
from each animal. The principal findings from the study are summarized in Table 2.

Species Statistically Significant Pathology
Neoplastic Non-neoplastic

Mice 1.0 ppm: pulmonary All levels: none
adenomas

Rats 1.0 and 5.0 ppm: 5.0 ppm: respiratory
nasal epithelial tract inflammation;
tumours (dose lymph node hyperplasia;
related incidence) renal and reproductive

tract inflammation
1.0 and 5.0 ppm:

____hepatic hyperplasia
l Hamsters 5.0 ppm: nasal 1.0 and 5.0 ppm:

polyps lamyloidosis of liver,
spleen, kidney and
thyroid; lymphadenitis;
testicular atrophy

Table 2. Hydrazine Exposure Findings

OTHER EFFECTS

The hydrazine family propellants have been extensively investigated for several years.
The literature is replete with observations on hydrazine effects ranging from metabolic
interactions to mutagenic and teratogenic effects as well as non-mammalian environmental
impacts. Some of the more important observations were compiled by Back, et al( 7 ) and are
summarized in Table 3.

Interaction Effect

Metabolic Effects Hypoglycemia
Inhibition of glycogen synthesis

Mutagenesis Abnormal spermatogenesis

Teratogenicity Fetal malformation in mice
Embryolethality in rats

Non-mammalian Effects Fish kills (catfish, minnows)
Algal growth inhibition

Table 3. Hydrazine Exposure Effects

OCCUPATIONAL MEDICINE AND INDUSTRIAL HYGIENE GUIDELINES

The cursory review of the literature on hydrazine presented in the previous sections
leaves no doubt that hydrazine must be handled with respect. As a consequence, the United
States Air Force has established a specific set of standards and procedural guidelines to
safeguard both the worker and the public. Back, et al has summarized these in Reference 7.
as follows:

1. Airborne Concentrations/Acute Exposures to Hydrazine

a. Military and Space Operations:

Emergency Exposure Limits (EEL)

10 min 30 min 60 min
30 ppm 20 ppm 10 ppm

b. Industrial and Production Plants: Short Term Public Limits (STPL)

10 min 30 min 1 60 min

15 ppm l0 ppm 5 ppm

c. Public Emergency Limits (PEL)

10 min 30 min 1 60 min
30 ppm 20 ppm 10 ppm

2. Airborne Concentrations/Chronic Exposures to Hydrazine

a. Occupational Threshold Limit Value (TLV)

Time Weighted Average Daily Dose

0.1 ppm (ACGIH defined skin hazard)

Since hydrazine is corrosive and is readily absorbed across intact skin and mucous membranes,
suitable protective gear must be worn to prevent liquid contact with the skin of eyes during
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fuel servicing operations. If there is inadvertent skin or eye contact, the contaminated
area should be flushed with water continuously for at least 15 minutes.

The volatility of hydrazine is such that dangerous vapor levels may result locally in
the event of a spill unless prompt action is taken to dilute or neutralize the raw fuel.
Recommended procedures(8 ) for managing a spill include dilution, containment, collection
and subsequent neutralization with calcium hypochlorite. For large spills, where condi-
tions permit, trained fire-fighters may be able to remove the fuel by combustion. In no
case, however, should other than trained personnel, wearing appropriate respiratory and
body protective equipment attempt to deal with a hydrazine spill. Exposure to hydrazine
at the TLV level (0.1 ppm) unfortunately leaves no tell-tale biologic indicator that can
be detected in body fluids. Hence there are no convenient means to monitor the worker
for near-threshold exposures. For severe exposures, it is advisable to evaluate pulmonary,
hepatic and renal function as well as evaluate central nervous system status.

Certain contra indications for working with hydrazine can be deduced considering the
various hydrazine toxic effects identified from animal studies. The following conditions
could increase the risk of hydrazine exposure on the health of the worker:

a. pregnancy

b. anemias

c. history of seizures

d. defective acetylization function

e. defective intermediate metabolic function

f. treatment with tranquilizers

g. tumor diathesis

CONTINUING INVESTIGATIONS

The standard exposure protocols developed and accepted for toxicological assessments
rarely resemble the type of exposure actually occurring in the work environment. In
general, occupational exposures are highly discontinuous, and in the event of an emer-
gency, are brief but at relatively high concentrations. Research is currently underway
to test the validity of the "concentration X time (CT)" hypothesis. Rodents are being
exposed intermittently to high concentrations of hydrazine over a 10 week period such
that the total CT approximates the CT for previous toxicity studies using the "standard
protocols." These data will have a significant impact on medical management of emergency
exposures in the future.

Studies are also underway to quantify the extent of the "skin hazard" for exposure to
hydrazine vapor. This work complements previous studies on the skin hazard associated
with liquid contamination. The results will permit a better definition of protection
requirements (respiratory vs total body) for clean-up crews and fuel handlers.

Finally, the cumulative experience of Air Force personnel working with hydrazine is
being reviewed. The continuing evaluation of incidents and long-term outcomes will pro-
vide the real validation of our current standards and operational procedures.
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HANDLING OF HYDRAZINE IN THE ROYAL DANISH AIR FORCE
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Denmark.

0 'The introduction of the F-16 single engine fighter aircraft into
the Royal Danish Air Force included the use of the toxic amine-
based compound hydrazine as fuel for the emergency power unit
(EPU) which temporarily supplies electrical and hydraulic power
for the flight control system in the event of engine malfunction.
In order to protect every individual in the RDAF against this po-
tential risk of intoxication a full scale program including en-
vironmental operational safety regulations as well as a detailed
medical examination prior to and during appointment to the EPU
and hydrazine maintenance was elaborated. This program has been
developped in close collaboration with other medical services of
nations operating the F-16 in order to obtain the largest infor-
mation basis for determination of the risks involved.
In spite of all safety regulations several employers have at dif-
ferent occasions been exposed to unforseen hydrazine leakages.
None of the exposed individuals have, however, suffered any da-
mage which can be related to the exposure..

The introduction of the F-16 single engine fighter aircraft into the Royal Danish
Air Force (RDAF) included the introduction of a superior rocket fuel, hydrazine (H2N=NH2)
as propellant for the emergency power unit (EPU). The F-16 has -unlike other conventional
aircraft- no mechanical connections between cockpit and the flight control surfaces but
is required to maintain a continuous hydraulic and electrical power to maintain flight
stability.

Emergency Power Unit.

The EPU which temporarily supplies electrical and hydraulic power for the flight con-
trol systems in the event of engine malfunction is operated on the monopropellant hydra-
zine H-70, a mixture of 70% hydrazine and 30% water.

As a part of the EPU, 6.8 US gallons or approximately 26 liters of H-70 are stored
between the back of the cockpit and the right wing root in a stainless steel tank pressu-
rized with nitrogen. When activated - either automatically as in power failure or manu-
ally by the pilot - the fuel is forced through an Iridium catalyst bed oxidizing it to am-
monia, water, and variable amounts of unreacted fuel plus heat (1600 FO or 850 Co).

Hydrazine is a powerful reducing agent which is known to be toxic to humans beings
whether absorbed by inhalation 6r ingestion or through the skin. As little as 10-15 cc of
hydrazine are considered dangerous when left in contact with the skin for just a few mi-
nutes.

The US National Institute for Occupational Safety and Health (NIOSH) has established
the Threshold Limit Value (TLV) at 0.1 ppm (0.13 mg/m3 ) by inhalation. This policy has
been followed in Denmark as it due to many labaratory studies seems to be realistic and
can be expected to provide adequate protection.

Pathophysiology of hydrazine-exposure.

The pathophysiological effect of hydrazine is mainly attributed to the liver since
hydrazine is detoxicated there. But also kidney damage has been noted at very high acute
exposure as well as changes in the hemopoetic system.

Further may acute exposure affect eyes, lungs, and skin depending on the route of ex-
posure. There is evidence from animal experiments that hydrazine presents a carcinogenic
potential - at least in rodents; none has been documented in man.

Hydrazine has been used in industry since 1875 and 10-20 millions of pounds are re-
ported to be produced every year in USA. The toxic effect of hydrazine was recognized and
described already in 1887 - but accordingly to the literature only one person has died
from a long term heavy exposure due to liver and kidney failure.

The United States Army reported in 1961 liver changes in the personnel-group refue-
ling the NIKE/AJAX missiles with the congenor to hydrazine: unsymmetrical dimethyl hydra-
zine (UDMH), which from a toxicological point of view should be identical to hydrazine.
By the initial investigations 38% of the group had pathological elevated liver enzymes
but after improvement of the safety regulations etc. this feature could be reduced to 0.4%.

In Denmark a group of 1193 persons who had worked for some years without any perso-
nal protection with the refueling of NIKE/AJAX missiles with UDMH were examined: 57 indi-
viduals or 4.7% had increased liver enzymes and among these the individuals with the most
prominent changes were admitted to hospital for liver biopsia. This investigation - which
was terminated in 1963 - showed only one case of heavy fat degeneration, three cases of
moderate and two of slight degeneration. Since the liver may be affected by many other
factors including alcohol no significant correlation to the UDMH could be stated. As a
matter of fact: a liver degeneration of 0.5% in a randomized adult male population in
Denmark is not alerting!
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Safety regulations in RDAF.

In order to protect every individual in the RDAF against any potential risk of in-
toxication a full scale program including environmental operational safety regulations
and emergency procedures as well as a detailed health examination program has been ela-
borated.

This program has been developped in close collaboration with other medical services t
of nations operating the F-16 in order to achieve the largest information basis for de-
termination of the risks involved.

Early in the F-16 development process it was recognized that because of the toxic
nature of hydrazine, special engineering and logistic techniques should be used to allow
safe operations with the system, not only on a routine basis but also during emergency
situations. These techniques which include proper protective clothing and equipment and
an occupational health guidance and training program are consequently almost internatio-
nally designed in order to reduce the potential for exposure levels above TLV of 0.1 ppm
(0.13 mg/m3 ) of aircraft maintenance, medical, and rescue personnel.

In addition to hydrazine-handling techniques which have been implemented in the Da-
nish regulations the Inspector General of the RDAF further established a Health Examina-
tion Program as the medical surveillance program for all personnel handling hydrazine.

Health Examination Program.

The health examination program consists of three main parts:

1. Medical History (with special attention paid to symptoms related to CNS, lung,
liver, kidney, hemopoetic system, skin conditions, etc.)

2. Physical Examination.

3. Laboratory & other tests:

- hemogram - BUN

- routine urine analysis - creatinine

- protrombin - sodium
- bilirubin, total - potassium
- SGOT - calcium
- LDH - phosphorus
- alkaline phosphatase - protein, total

- fasting blood sugar - spirometry (FVC, FEV1 )
- cholesterol - ECG
- triglycerides - chest X-ray

This program will be performed as a preplacement or baseline examination before work
with the EPU is begun, followed by subsequent examinations once a year unless circumstan-
ces dictate more frequent follow up.

Since the beginning of the F-16 system in Denmark 41 male technicians have been exa-
mined due to these regulations. The average age of this group is 34 years (range: 24-56),
and two persons have been rejected for hydrazine work due to the findings at the baseline
examination. One presented highly abnormal liver enzymes (probably on alcoholic basis)
and the other a history of convulsions with an abnormal EEG together with a chronic kid-
ney disease with bilateral hydronephrosis.

Since November 1979 92 baseline and periodical examinations have been carried out
and except for the two already mentioned all examinations have found the individuals me-
dically qualified for their duty.

In addition to the baseline and periodical (annual) examinations the regulations de-
fine circumstances or situations which will lead to a non-periodical examination.

These situations are:

a. exposure - of any individual who without protection is in an area
where the vapor levels of hydrazine are measured or e-
stimated to be above the TLV,

- of any individual who without protection has been en-
gulfed by a visible cloud of hydrazine,

- of any individual not breathing 100% oxygen in a cock-
pit which is found or suspected to have been contami-
nated with hydrazine,

b. suspected exposure - of any individual suspected as exposed to hydrazine by
any route as for example EPU ground firing,

c. symptomatic exposure - of any individual to whom the definitions given above
do not apply but who nevertheless complains of dizzi-
ness, nausea, skin burning, lacrimation, or coughing.

Non-periodical (accidental exposure) examinations.

There have been a few cases of accidental exposure leading to non-periodical exami-
nations in the RDAF:

Case 1.
A 36-years old man who during a visit to a foreign NATO-base in October 1980 was

exposed to an EPU ground firing. He was not medically examined efter the exposure but at
the subsequent baseline examination in Denmark in December 1980 an increased serum-bili-
rubin (37 micromol/l, normally < 17 micromol/l) was found. All other laboratory values
were normal.

Repeated investiqations have suggested a Gilbert-Meulengracht syndrome - and the man
has been found qualified for hydrazine work.
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Case 2.
Three men were in November 1982 exposed to hydrazine due to an EPU ground firing.

All were engulfed in a hydrazine cloud for more than one minute.
The medical examinations report a severe headache at two of the exposed for several

hours after the exposure but no other symptoms.
By the laboratory investigations carried out on the first, second, and sixth day a

reduction in the neutro- and eosinophile part of the white blood cells was found at all
three persons and a concomitant reduction of the leucocytes on the second day. These re-
sults were the only abnormalities found; and they had normalized completely within two
weeks.

Case 3.
On the 10th of February 1983 an USAFE F-16 was due to a special contract parked for

maintenance in a hangar on an airbase where no Danish F-16 is stationed yet.
Two mechanics working on another aircraft close to the F-16 for several hours repor-

ted the following day skin sensations and a 'bad taste'. Next day an increasing number of
persons working in the hangar mentioned a fish- or ammonia-like odor from the USAFE- air-
craft. First after four hours of work on the second day it was recognized that a hydrazi-
ne-spill had occured for several hours from the exhaust pipe of the EPU-system. Indicators
on the aircraft had changed to positive for hydrazine but a more specific analysis had to
wait for equipment flown in from another airbase; at the time of specific analysis venti-
lation of the hangar had brought the hydrazine values to zero.

As the odor threshold for hydrazine is reported to be about 4-5 mg/m 3 and the thres-
hold limit value is 0.13 mg/m 3 (0.1 ppm) for this actual period of time of exposure it
was decided to include 63 persons of the personnel occupied in the hangar in the non-pe-
riodical examination program established in accordance with the regulations set by the
Inspector General.

As none of the suspected exposed were supposed to work with the EPU-system no base-
line examinations had been performed previously.

All were examined accordingly to the health examination program described within a
few hours - and the laboratory investigations were repeated on the fourth day (monday)
since the first day was a friday. All were given a briefing about the nature of the expo-
sure and about the possible influence of alcohol on the laboratory tests. Because of the
extented period of time between the first and second laboratory testing due to the week-
end all were asked to complete a questionnaire about drinking habits etc. between the la-
boratory tests.

Of the 63 persons only two could mention any symptoms in form of a feeling of bad
taste and skin burning sensations. One of these had completely normal laboratory results;
the other (no. 2 below) has a well known liver affection due to a chronic pancreatitis
with normally increased SGOT-values.

Only nine persons out of the 63 examined presented the following abnormal laboratory
results:

No. 1: SGOT (10-40 U/l) : 20-96-24. Had had a considerable alcohol intake be-
tween test 1 and 2 during the week-end.

No. 2: SGOT . 84-70-73. Known chronic pancreatitis with persistent-
ly increased SGOT-values.

No. 3: SGOT . 64-63-119. Known as a heavy drinker; considerable al-
cohol intake especially before 3. testing.

No. 4: protrombin : 0.54-0.70- Reduced K-vitamine absorption: *normal va-
(0.85-1.15) 0.64-1.10* lue obtained after K-vitamine-injection.

No. 5: protrombin : 0.54-0.64- No effect of K-vitamine-injection; no signs
0.45-0.42. of coagulopathy. Congenital hypoprotrom-

binemia?

No. 6: bilirubin : 22-23- Extented investigations have shown a Gil-
(<21 micromol/l) 31-35. bert's syndrome.

No. 7: bilirubin : 23-25-18. Normalized.

No. 8: SGOT : 45-23. Normalized.

No. 9: SGOT : 45-36. Normalized.

The conclusion from this case suggests that several hours of exposure to hydrazine
with recognized ammonia-like odor and symptoms from mouth and skin at two individuals a-
mong the 63 suspected for exposure was not followed by any detectable damage or disease
which could be related to hydrazine.

Conclusion.

The lessons learned during the first years of operating the F-16 system with its EPU
stress the need for an environmental operational safety program with emphasis on the con-
stant awareness of the toxic properties of hydrazine - since accidental exposures do oc-
curl

Further, it seems as if the program established in the RDAF and in other nations
with the F-16 has proven to be satisfactory, as no medical defect so far has been attri-
buted to the work with the EPU-system and hydrazine.

. . . . ... . . . i i ii . . . . . i Vr l . . . . . . . .. .. .. . . . . . . . . i l
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DISCUSSION: PAPERS 2 AND 3

Ord: The description you gave us of the research on hydrazine is classic in the
application of that sort of technology to solving a veiy difficult opera-
tional problem. However you also alluded to the enormous cost in resources
of all kinds. I wonder if you could comment on what the future may hold
relative to being able to handle this sort of problem which might re-arise
with the introduction of new chemical substances in our systems.

Mohr: We expect to have our computer model based on so-called toxical kinetics
operational by the end of this decade.
This means that we have then a model that will describe in detail the mecha-
nism of action of a compound. Using a very large literature base we will be
able first of all, to eliminate those compounds that hold little risk. But
those that are identified as potentially very dangerous will be predicted
as if they were the outcome of a large animal study, thereby reducing both
the size and the uncertainty of the study.
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ETUDE COMPARATIVE CHEZ L'ANIMAL DE LA TOXICITE DES PRODUITS

DE THERMOLYSE DE DIVERS MATERIAUX

J.-P. DELCROIX - M. GUERBET

LABORATOIRE CENTRAL DE BIOLOGIE AEROSPATIALE
DIVISION DE CHIME - TOXICOLOGIE
5 Bis, Avenue de la Porte de Sevres

75731 PARIS CEDEX 15.

RESUME

Il est necessaire de pratiquer une selection de materiaux presentant le minimum de toxicit6 en cas d'in-
cendie dans une enceinte close et plus particulie rement A bord des aeronefs. Le6tude analytique des atmos-
phees produites ne suffit pas pour evaluer les risques encourus ; 11 est necessaire de pratiquer une experi-
mentation animale.

Nous avons Wt amen~s A creer une methodologie, complete associant un modele-feu original et un proto-
cole d'exposition d'animaux aux gaz toxiques produits afin de6tudier la reponse A l'agression de l'organisme
entier avec ses susceptibilites et ses reactions.

Le but de cette etude est de proposer des criteres toxicologiques objectifs, en vue d'6tablir un clas-
sement des materiaux d'amienagement selon les critelres de danger choisis.

INTRODUCTION

L'utilisation des materlaux synthetiques pose un probleme crucial en aeronautique, dramatiouement actualise
par une catastrophe recente. La securite des passagers est d'autant plus difficile A assurer qu'il est d'une
part impossible de garantir la survie par une reaction de fuite devant le danoer, et d'autre part 1 effet toxi-
que des produits degaoes est particulierement rapide. La voie pulmonaire est en effet une voie de penetration
privilegide pour les toxiques volatils a cause du volume d'air brass6 par les poumons. - 12 A 14 m spar jour
pour un individu ayant une activite physique normale, - et en raison de la rapidite des echanges au niveau al-
veolaire.

Les travaux dejA publiess, consacress A le6tude analytique des composes deqages au cours de la thermolyse
des materiaux ne permettent pas de tirer des conclusions certaines sur le plan toxicologique. Cet estat de fait

.est dQ vraisemblablement a une approche trop fragmentaire des phenomenes, dissociant souvent l'aspect physico-
chimique de la thermolyse de son effet sur un organisme vivant.

Sur comaande de la Direction des Recherches Etudes et Techniques (D.R.E.T.), le Centre d'Etudes et de
Recherches de Mdecine Aerospatiale a desvelopp6 une m~thodologie originale permettant une evaluation globale
de la toxicites de ces produits de decomposition thermique.

Cet objectif a necessite la conception et ]a realisation d'un "modele-feu" de laboratoire original repon-
dant A plusieurs exigences :orientation et temperature contrelees, introduction directe ou progressive de
le6chantillon, quelque soit sa nature (liquide, poudre, solide), suivi de la thermolyse par analyses multiples
en continu.

Parallelement, il etait indispensable de mettre au point un protocole de6valuation de la toxicitt des
affluents qazeux chez l'animal. En effet, Iltude analytique des atmospheres produites ne suffit pas pour eva-
luer les risques encourus en cas d'intoxication accidentelle, et il est necessaire d'introduire des animaux dans
le protocole experimental pour estimer la perturbation des parametres physiologiques au cours de cette intoxica-
tion.

11 ne sera fait dans cet article qu'iin court rappel A propos du "modele-feu" dejA decrit A plusieurs re-
prises (PICART et Coil.) afin de laisser une plus large place au syste~me d'exposition des animaux et aux resul-
tats obtenus pour plusieurs matesriaux.

DESCRIPTION DU "MODELE-FEU"

11I s'agit d'un "modele-feu" de style aviation, de forme cylindrique, dote0 d'une ventilation puissante en-
trainant un renouvellement de l'air toutes les 3 minutes, c'est-A-dire, compte-tenu du volume de la chambre de
thermolyse, balaye par un debit de 1200 litres par heure.

11 est realise en acier Inox 316 Titane, alliage possedant une bonne inertie chimique et une resistance
12 elevee aux gaz corrosifs degages lors des decompositions thermiques.

Ce four est en realite compo§e de 3 parties solidaires coire le montrent les schemas n' 1 et 2 :la chain-
bre de decomposition thermique, les buses d'admission d'air et la chambre de melange des aaz de combustion
(schemas n* I et 2).

LeOchantillon plac6 au centre de la chambre sur un portoir en silice est soumis A un flux thermique prove-
nant de resistances perinettant d'obtenir dans l'enceinte des temperatures maximales de l'ordre de 700' C. Ces
temperatures sont atteintes dans les delals cholsis gr~ce A un systeme de contr~le et de regulation de vitesse
de mont~e en temperature.
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LES PRODUITS DE DECOMPOSITION THERMIQUE

1 - Etude anl iqyt

L'analyse de l'atmosphere produite dans la chambre de decomposition thermique est assuree par un en-
semble d'appareils connectess A la sortie de la chambre de melange des gaz. Les principaux toxiques analy- F
ses en continu, tout au long de 1 experimentation sont

- monoxyde de carbone CO,
- dioxyde de carbone CO2
- oxyde d'azote NO - NO
- composes organiques v~latils, totaux 6values en propane
- ions chiorures CL et cyanures CN

2 - Etude toxicologigyt

Lettude toxicologique sur l'animal comporte deux aspects

- Toxicite suraipije alveolaire en ventilation contr6le
- Toxicite comportementale en ventilation spontanee.

2.1. - Toxicitt suraigUe alveolaire

Le6tude est effectuee sur le lapin, de race Fauve de Bourgogne, mAle, d'un poids de 2200 a environ.
L'animal curarise et tracheotomis6e st plac6 sous ventilation forcee par l'intermediaire d'un respira-

teur type BIRD. On mesure le rythme cardiaque, la pression arterielle et la frequence de lelectroencephalo-
gramime.

LeCchantillonnage est effectue toutes les 2 minutes pour chacun des parametres. au mayen d'un syst~me
informatique d'acquisition de donnees. Ces 3 mesures permettent de representer Iletat physiologique de Ilani-
mal sur un trace appeles physiogranmme (JOUANY).

2.1.1. - Le physiogramme

Il s'agit d'une representation graphique comportant en ordonnee, d'une part la pression arterielle (mimHa'
d'autre part le rythme cardiaque (battements par inn) et en abscisse, la fr@Quence moyenne de 1 '6lectroencepha-
logramue (Hz).

A partir de ce diagrarmie. il est possible de determiner une valeur appel~se "index gilobal d'intoxication"
ou OP % de la maniLre suivante :(figure n' 1)

- le segment AB est prolonge jusqu'au point 0, intersection avec une ordonne
- le rapport des distances AB/AO donne le pourcentage de degradation de le6tat de l'animal soit DP
Ce traces est obtenu automatiquement grAce a un micro-ordinateur HP 9825 selon les programmes crees au

laboratoire.

2.1.2. - Etudes biochimiques

Un prelevement de sang arteriel est effectue toutes les 10 mm pendant 1 'experimentation en vue de deter-
miner lequilibre acido basique et le pourcentage de carboxyhemoglobine.

2.2. - Toxicite comportementale

Parallelement A cette etude sur le lapin, on evalue la mortalitO et 7e delai d'incapacitation de souris
placees en ventilation spontanese.

Les animaux utilises sont des souris males de race NMRI, d'un poids de 18 9 environ.

2.2.1. - Determination de la concentration letale

Les souris au nombre de 5 sont placees dams une enceinte close, balaye-e par les gaz de decomposition ther-
mique. Elles sont exposees dans les memes conditions de duree que le lapin, y compris le temps de recuperation.

2.2.2. - Temps dincapacitation

Les souris sont placees par paires dans des enceintes fixees sur une lame metallique flexible reliee A
laxe d'un petit moteur synchrone.

Les deplacements verticaux de la lame provoques par l'activite des animaux se traduisent par la creatinn
d'un courant eslectrique dO A la rotation de laxe du moteur. Un enregistreur graphique visualise ce courant
cree et donc ainsi lactivite des animaux. Deux parametres sont pris en consideration dans ces tracess acti-
graphiques:

- le temps d'incapacitation, c'est-A-dire le deai separant le debut de lexperience de lapparition
d'un trace plat.

- La durese de lincapacitation, c'est-A-dire le temps mis par les animaux pour manifester une reprise
d'activitO.

Un exemple de trace6 actigraphique est pressente sur la figure in' 2.
L'organisation de l'experience est presentee sur le schema in*3
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Pression ArttkrieIle Rythme Cardiaque
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FIGURE N* 1 LE PHYSIOGRAt E

FIGURE N' 2 EXEMPLE DE TRACE ACTIGRAPHIQUE



RESULTATS

La m~thodologie einploy~e pour traiter les r~sultats obtenus sera dtcrite A prapos d'une exp~rimentation

avec un gaz pur, IPacide chiorhydrique. Les 6tudes ant port6 ensuite sur 3 mat~riaux type :11 s'aait du bois,
du chiorure de polyvinyle et du polyurethane.

1 Exprimentation avec l'acide chlorhydrigue

Le gaz provenant d'une bouteille est diluL6 dans une enceinte munie d'un syst~me m~langeur. Le debit et ]a
concentration en 11C1 6tant parfaitement determines, le melange est administr6 & l'animal par l'intermedlaire
du respirateur, canine decrit precesdeimment pour les effluents du four.

L'exp~rimentation a concern6 sept concentrations croissantes de gaz chlorhydrique de 2270 A 23500 ppm.

selon ILstat de l'animal, la mart pouvant survenir pendant cette phase dite de rcCuperation.

1.1. - Variation de )'index de taxicite%

Afin de ne pas multiplier les schesmas, Ilvalution du physiogramme ne sera pas presentee pour l'acide
chiorhydrique. Seul le traitement des resultats A partir de la variation de l'index de toxicitcs (OP) sera
preksentO.

Cette variation, exprimee par OP %, en fonction du temps est resume~e figure n* 3 , pour chacune des con-
centrations choisies. Ces traces montrent la brutale aggravation de le6tat de l'animal, des que la teneur en
HCl de l'air respires par l'animal depasse 8000 ppm; environ. Ces quatre concentrations, -8700, 11000, 15000 et
253000 ppm, provoquent la mart de l'animal.

DPI IN2=XCATO RICT/PIR1tA7X

13 25300 15515 1135 .9708

soi

40.

7253B

. ...
1.....

---------------------------

2233

FIGURE N* 3 TOXICITE DE HCl PUR VARIATION DU DP EN FONCTION DU TEMPS

En realit@, ceci nest gu~re pr~vlslble au bout de la phase d'intoxicatlon (30 inn).
Il faut donc signaler des maintenant l'interft de l'Otude de la phase de recuperation ,les d~sordres

physlologiques entrainds par ]'exposition au toxique peuvent s'aggraver et l'dvolution fatale survenir en
dehors des d~lals d'exposition de l'animal. Cette notion, dvidente, quand il s'agit dun phenomene connu, ici
Voeddme aigu du pouinon dO A lacide chiarhydrique, prendra toute sa valeur avec des atmospheres beaucoup plus
complexes obtenues par thermolyse des polymeres plastiques par exemple.
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1.2. - Representation tridimensionnelle

It est interessant de visualiser sur un mesme graphique Ilsvolution de lindex de toxicite et de ]a
quantite cumul~e d'acide chiorhydrique en fonction du temps.

Un exemple de ce mode de traitement utilise est presente pour une concentration en HCl sur la figure n04
Les barres verticales reliees entre elles correspondent aux mesures rtealistses pendant la phase d'intoxi-

cation, les autres correspondant A la phase de recuperation. Cette representation reunit tous les parametres
necessaires A la comprehension du phenomene toxique. Elle sera utiliste pour chaque materiau oO il sera tenu
compte du degagement du toxique quantitativement le plus important.
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En effet, la notion de d~lai d'atteinte physiologique, donc du dolai de fuite est capitale et dolt Otre
prise en campte par l'introduction du facteur temps dans l'expression des r~sultats. Afin de ne pas multiplier
les courbes, seules les conclusions les plus impartantes serant mentionn~es A prapos de chacun des mat~riaux.

2. 1. - Bois de peupl ier (figure n' 5)

Pour des faibles vitesses de mont~e en temperature (Y), les atteintes physiolooiques sont assez compa-
rables quelque salt le paids de mat~riau engag6, mais par contre, on observe des difrences notables pour
400 et 60*C/mn.

10 DP maxi/t

8 -- PEUPLIER 34 g

6,

4

2 PEUPLIER 17 g

0 y('C/mn)
CD 0) C

FIGURE N0 5 BOIS DE PEUPLIER VITESSE DINTOXICATION DE L'ANIMAL

2.2. -Chiorure de Dolyviflyle

Bien que les produits de thermolyse provoquent dans la Presque totalit@ des cas la mart de 1lanimal, 1lexa-
men des traces de la figure n' 6 montre n~anmoins des difforences notables dans la vitesse dintoxication. Ceci
d~tnantre 1tint&4rt de ce mode dexpres,;ion des r~sultats.

001DP maxi-4 ........... PC3q,
PVC 349 V 4.

5

80

60 PVC 19g

40 31 1 1 /

2

20/

oLy(
0C/mn) PVC 199

0C Q *._________________y( 
0C/mn)

0.

FIGURES N* 6 PVC -EVOLUTION DE L'ETAT DE L'ANIMAL INTOXIQUE
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2.3. - Polyurethane

Une atteintemaximale pour des vitesses moyennes de montese en temperature est observee, pour les deux
poids di6chantillons. 11 faut signaler une atteinte tris importante, en general tris rapide et consecutive
au degagement d'acide cyanhydrique. Le ddreglement du physiogramme est dO principalement A une nette diminu-
tion du rythme cardiaque et de la frequence de l'E.E.G. Cependant, des que l'animal est reis en ventilation
A l'air pur, on observe une recuperation tres satisfaisante et mew surprenante, le trace electroenciphalog-ra-
phique redevenant presqije normal dans plusieurs cas.

3 - Comprison des 3 matesriaux

Il a semble intesressant de comparer entre eux les trois matesriaux quant aux effets toxiques engendres
par leurs produits de thermolyse. Cet essal de comparaison est realisk6 sans autre consideration que lPaspect
toxicologique, estant bien entendu que leurs proprietes physiques les destinent A des utilisation totalement
differentes. Cette etude a Wt entamee sous deux aspects

- Variation de l'index de toxicit6
- Determination du temps d'incapacitation.

Les materiaux utilises pour cette experimentation avaient des poids allant de 15 A 20 g.

3.1. - Variation de l'index de toxicites

Les courbes correspondant A chacun des materiaux sont rapportees figure n07 .La vitesse de montee en

temperature choisie, 30'C/mn est la vitesse mayenne dans nos essais.

INTOXICATION RECUPERATION

100 PVC 20 g

80

60

(V : 300C/mn)
40

20 U19g

0 I(inn)
000

FIGURE N* 7 ETUDE COMPARATIVE :VARIATIONS DE L'INDEX DE TOXICITE (DP)

En ce qui concerne la valeur de l'index de toxicite, il faut noter que les produits de therinolyse du bois
sont considesrablement moins dancereux que ceux des 2 autres materiaux, ceci A poids sensiblement @pal. La va-
riation de lindex est au maximum de 30%, elle atteint 100% pour les deux autres.

Le plus caractesristique est cependant le decalage qul existe entre la toxicite des produits du polyure-
thane et celle du PVC, ce direglement etant reversible dans le premier cas, tardif mais irreversible dans le
second.

A.
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3.2. - Temps d'incapacitation (figure n* 8

Si pour les montdes rapides en temperature, les delais d'incapacitation sont assez coniparables pour cha-
cun des materlaux, 11 nen est pas de meme pour les premieres valeurs 10 et 200 C/mn. Ceci peut provenir du
point d'impact du toxique majeur. En effet, dans le cas du PVC, l'acide chiorhydrique s- degage des les basses
temperatures et entralne des desordres respiratoires. Les souris exposees ont tendance o rester imobiles dans
la cage.

Dans le cas du polyurethane et du bois, les produits toxiques entrainent une incapacitation au niveau du
systeme nerveux central. Les effets sont plus tardifs et la presence de produits tres irritants, notaninent
dans le cas du bois stimule le reflexe de fuite et d'agitation des animaux.

Dans les therinolyses rapides (40 et 60* C/rn), le deslai d'incapacitation est notablement diminue, de Paor-
dre de 60% environ.

T.(mn)

40

30

20

PEUPLIER

10 Pu 14

20 40 60 W(C)

FIGURE N0 8 ETUDE COMPARATIVE DES TEMPS 0 INCAPACITATION

DISCUSSION ET PERSPECTIVES

Lorsque V'on aborde le6tude au laboratoire de le6valuation de la toxicite des produits de descomposition
therinique, on s'apergoit que quatrequestionsmajeures se posent dans un ordre logique (PRESLES 1981)

- quel modele feu "choisir" ?
- quel scenario le mode'le "feu" choisi represente t-il ?
quelle relation a-t-il avec la vraie grandeur ?
existe-t-il un scenario de base que V'on puisse selectionner ?

- comment exposer les animaux ?
- quel est le meilleur critere biologique A retenir ?

I - Conception-du "modele feu"

Le concept de base dans la creation du modele feu (C.E.R.M.A.) a ete la souplesse d'utillsation, clest-
A-dire qu'il devalt offrlr le maximum de possibilites d'experimentatlon dans toutes les situations eniseae.

Les premieres etudes qul devaient estre realisdes vlsaient des applications dans le domaine de laeronau-
tique. Cet objectif a guide le choix des dimensions du four et notaninent du rapport diami~tre - longueur. De
mfime, le systtme de ventilation a etd conju pour obtenir un flux d'air laminaire, avec un renouvellement total
de l'enceinte, toutes les trois minutes, ce qui correspond aux exigences aeronautiques.

En rialitf, ces conditions de ventilation ne sont qu'un aspect particuller de l'utilisation de ce modele
feu. La possibilite de modifier la composition et le debit de l'air balayant la chambre, les choix multiples que
permet le systime de regulation et de progranmmation de temperature font que cet ensemble peut #tre utilis@ dans
divers scinarios, canine par exemple la decomposition thermique en atmosphe~re confintse.
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La validite de ce modele feu ne pouvait etre jugee qu'a partir de donnees analytiques ; en consequence,
un maximum de composes a te dose, CO CO , 0 NO , composes organiques volatifs, hydracides.

La reproductibilite des effluents a 1t4 ivaluge par une etude statistique portant sur 20 essais. Le coef-
ficient de correlation est superieur A 90%, ce qui est particulierement satisfaisant, compte tenu de la com-
plexite des circuits gazeux de lensemble analytique.

2. - Choix du .rotocole de thermolyse

Dans une premiere @tape, les conditions de temperature de thermolyse ont 6t@ selectionnees d'aprs les
donnees rencontrees dans la litterature, 450 et 600°C. Le choix de ces temperatures est arbitraire car elles
ne correspondent pas A des situations r6elles. En effet, dans un incendie, les materiaux sont soumis a une
augmentation progressive de temperature. Elle peut etre lente, c'est le feu qui couve, ou bien tres rapide.
De la meme maniere, l'introduction brutale de l'chantillon dans une zone prechauffee nest pas conforme A
la realite.

Ces considerations ont conduit A adopter un protocole experimental dans lequel l'chantillon est place
initialement au centre de la zone de chauffage, et soumis a une elevation progressive de la temperature.

Les vitesses de montee en temperature choisies sont comprises entre 10 et 600 C/mn, de fagon A #tudier
la decomposition des materiaux dans diverses situations.

Outre la mesure globale des toxiques degages, ce mode operatoire met en evidence un phenomene capital
qui est le "degazage des materiaux" et surtout la temperature A laquelle il se produit. Ainsi, dans le cas
particulier du PVC, on observe que lacide chlorhydrique se degage A des temperatures relativement basso;,
(250 A 300°C) et donc bien avant 1 oxyde de carbone.

L'intret de ce protocole apparalt tout aussi nettement dans une 6tude comparative de deux polyurethanes,
I'un ignifugd, l'autre non ignifu 6. Oapres les resultats obtenus trop recemment pour etre detailles dans cet
ouvrage, il apparalt, que quelque soit la vitesse de mont@e en temperature, les quantites totales et les con-
centrations maximales de toxiques d6gages ne different pas notablement. 11 en est de mesme pour les effets phy-
siologiques observes chez les animaux. Cependant, on remarque que le polyurethane non ignifuge se decompose
A des temperatures plus basses que son homologue ignifug6. C'est cette difference de temperature de degazage
qu'il est interessant de noter car, dans les situations reelles, elle conditionne le delai de fuite d'indi-
vidus exposes.

3. - Choix de la r.ponse bioloi gue

Les etudes toxicologiques ont 6t menees sur deux especes animales

- le lapin en ventilation contr6lee,
- la souris en ventilation spontanee.

3.1.- Etude en ventilation contr6lse

Ces conditions d'intoxication sont peu realistes et souvent extremes ; c'est une toxicite aigue
alveolaire.

Ce protocole permet une distribution des toxiques au niveau alveolaire, bien contrle et reproduc-
tible. Lors de la recuperation, lanimal se trouve place dans des conditions proches de celles rencontrees en
reanimation, ce qui est particulierement interessant sous 1 angle therapeutique.

Le lapin est lanimal retenu dans cette etude pour des raisons techniques evidentes cest une espece
dont la masse sanguine permet des prelevements repetes en vue de determination de parametres biochimiques.

Pour l'valuation de l'tat physiologique global de lanimal, le physiogramme est la seule represen-
tation permettant une quantification des atteintes simultanees du systeme cardiovasculaire et du systeme nerveux
central. De plus, une etude detaillee de l'lectrocardiogramme, permet d'observer la morphologie des signaux
electriques et donc de detecter une 6ventuelle atteinte du muscle cardiaque.

3.2. - Etude_enventilation_sp2ontane

La determination de la concentration letale 50 (CL 50) est classique en toxicologie. Le temps d'ex-
position choisi est en general de 30 mn et la toxicite exprimee en g/m3 .

Cette determination donne peu dinformation, car il s'aoit d'une reponse de type "tout ou rien". De
plus, elle peut etre faussee par laptitude qu'ont les animaux de laboratoire A retenir leur respiration lors-
qu'ils sont places dans des atmospheres irritantes.

Neanmoins le4valuation de la CL 50 permet de verifier les resultats obtenus par rapport A ceux donnes
dans la litterature.

L'tude du delai dinstauration de lincapacitation (temps dincapacitation ou Ti exprime en mn) est
par contre une voie de recherche beaucoup plus interessante.

Les methodes de determination de Ti les plus couramment utilisees sont la cage A ecureuil, libre ou
animee d'un mouvement constant, et les systemes A rfflexes conditionnes type "skinner". Chacune de ces deux
methodes presente des inconvenients :dans la premiere, il est impossible d'affirmer qu'un arret de l'activite
de lanimal est bien dO A la seule incapacitation et non a sa fatigue musculaire provoquee par le protocole
meme du test ; d'autre part la reaction de fuite devant le danger ne peut etre prise en compte par une etude de
reflexe conditionne.

Cest pourquoi, on a prefere retenir une methode de mesure de lactivite spontanee des animaux soumis
aux produits de decomposition thermique. De plus, elle permet une etude prolongee, et par lA mneme la determina-
tion du temps de recuperation.
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4 -Perspetifves

La i,thodologie pr~sent~e ne tient compte. dans l'6tat actuel que de la toxicito des naz. Or la combustion
des mat~riaux s'accompagne souvent de la formation de fum~es. Ces fumcies constituent un facteur aggravant car

- leur opacit6 gene souvent particulierement les 6quipes d'incendie, perturbe 1'6vacuation des locaux
et lintervention des sauveteurs.

- les particules de carbone fixent des substances agressives (HCl etc) ou des goudrons et p~n~trent tres
profondeinent dans le syst~me respiratoire du fait de leurs faibles dimensions de lordre du micron.
Ainsi. elles perturbent les @changes pulmonaires en tapissant la paroi de l'alv~ole ou en la detrul-
sant.

Un syst~me de mesure de Vopacit6 des fum~es et de determination de la taille des particules est actuel-
lenient a l66tude, bas6 sur la propagation et la diffraction d'un rayonnement laser.

Si le ohysiogranune est une bonne m~thode d'6valuation de la toxicit§ globale. il faut lui reprocher sa
mise en oeuvre delicate qui limite le rythme des exp~riences.

Les travaux r~alis~s permettent dejA de penser qu'il existe une bonne correlation entre le temps d'inca-
pacitation et la variation de Vindex de toxicit6 (DP). 11 reste a developper cette mesure actigraphique no-
tamment par une automatisation. L'acquisition et le traitement des donndes par un syst~me informatique est en
cours de r~salisation. Ainsi, l66valuation de la toxicite des produits de descomposition thermique des mat(,riaux
pourra Ostre r~alis~e par la seule determination du Ti, la mCthode du physiogranune devenant un complesment d'in-
formation dans les cas litigieux.

La m~thodologie ainsi compl~t~e, utilistse comme mithode de screening sera un critL re de classification des
mat~riaux entre eux quant aux risques qu'ils repr~sentent en cas de decomposition thermique.

CO0NC L US 1 O N

Les r~sultats obtenus jusqu'A present demontrent que la m~thodologie originale developp~e au Laboratoire
Central de Biologie A~rospatiale est parfaitement adapt~e A l~tude de la toxicit@ des produits de decomposi-
tion thermique de mat~riaux naturels ou synth~tiques.

Sa souplesse d'emploi permet de r~pondre aux probl~mes poses lors de la conception des constructions ter-
restres et des enceintes closes (cabines d'avions ou de biteaux, abris souterrains, etc) et a ceux poses par
la destruction apr~s emploi ae ces matdriaux.

Le champ d'application de cette m~thodologie offre donc un double aspect ; d'une part, le choix de matt-
riaux pr~sentant un minimum de toxicit6 en cas d'exposition au feu et d'autre part, la determination des con-
ditions optimales de destruction des d~chets par incineration.
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I- Buses d'arriv~se d'air

2- Fentes d'arriv~e d'air
________________________3- Thermocouple affichage

4- Thermocouple programmiation

5- Panneau radiant

6- Porte-6ichantillon
7- Rails de soutien

0 a j8- Fentes d'6vacuation des gaz
9- Plaques d'ttanch6itt en pyrex

.0- Agitateurs

------. 1- Sortie des gaz

SCHEM4A NO I COUPE LONGITUDINALE DU ?400ELE FEU

Buses d'arrivie d'air

Chambre de combustion/pyrolyse[

El6nent de chauffaqe

Chariot porte 6chantillon

Rail de soutiei de chariot

Plaque de silice

~ ) - Plaque de oyrex

Chambre de mflan'je des

naz de com~bustion

SCHEMA NO 2 COUPE TRANSVERSALE DU "MODELE FEU"
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V (°C/mn) Pi (g) Pf (g) CO maxi(ppm) CO2 maxi(ppm) DP maxi DP maxi Ti(mn)

10 16.7 0.2 6400 16000 37 0.77 36

20 17.4 0.1 9000 19500 38 1.27 19

30 16.7 0.1 9400 24000 32 1.33 17

40 17.6 0.1 11000 27000 38 1.73 14.5

60 16.6 0.08 6600 50000 25 1.79 14

10 34.5 0.6 8800 25500 36 0,87 31
20 34.3 0.4 13000 22500 33 1.39 18

30 33.5 0.3 14000 40500 39 1.03 16

40 33.9 0.3 17000 51000 100 5.56 15

60 34.0 0.2 17000 78000 100 8.33 12.5

Tableau I - Bois de peuplier : recapitulation des rssultats.

V (°C/mn) Pi (g) Pf (g) CO maxi CO.max 2 HC1 maxi C3H8 maxi NOx maxi DP maxi DP/t maxi i(mn)

(pp) (ppm) (ppm) (ppm) (ppm) 

10 20.2 (2.0) 2100 12500 34300 1400 - 100 0.91 41

20 20.0 (2.0) 4900 13500 34450 3250 - 100 1.61 35

30 19.7 (2.0) 5900 23500 29060 1900 16 100 0.68 16

60 19.2 (1.8) 7100 25500 32355 2120 560 65 0.56 13

10 29.2 (4.0) 2800 12000 36550 2600 - 100 1.28 27
20 30.0 (3.7) 5200 25500 31150 3800 16 100 2.99 20
30 29.3 (3.5) 8900 12000 40145 5500 5 100 2.27 13

60 30.0 (3.7) 10500 19500 35950 4400 15 100 5.56 1

Tableau II - PVC r6capitulation des rtsultats.

(°C/mn) Pi (g) Pf (g) CO maxi CO2 maxi HCN maxi C3H8 maxi NOx maxi OP maxi OP/t maxi ,T(mn)

_(ppm) (ppm) (ppm) (ppm) (ppm)

20 9.2 0.1 2350 4500 193 - 100 3.13 19

30 9.4 - 3750 1 7500 170 - 92 3.55 25

40 9.3 - 2700 37500 198 660 170 50 2.78 -

60 10.0 0.1 2500 45000 190 760 185 27 1.52 23

10. 1305.089 4
10 14.0 0 2500 3500 180 133 50 0.89 44

20 15.0 0.3 3300 39000 288 265 135 100 3.13 20

30 14.0 0.2 2400 39000 230 550 - 88 3.38 15
40 15.5 0.2 4300 33750 335 250 330 100 5.56 13

60 14.0 0.1 3300 55000 245 580 225 45 2.81 7

Tableau Ill - PU recapltulation des r~sultats.
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DISCUSSION

Perdriel: It is very important to protect the passengers in an aeroplane from fire ard
from the toxic fumes that nowadays emerge from the combustible material in
the cabin.

4
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AN UNUSUAL TOXICOLOGICAL PROPERTY OF ALCOHOr:
THE DENSITY EFFECT ON THE ORGAN OF BALANCE

by
Kenneth E. Money, Ph.D. and Jack P. Landolt, Ph.D.

/ Defence and Civil Institute of Environmental Medicine,

0 P.O. Box 2000, Downsview, Ontario, CANADA M3M 3B9

INTRODUCTION

Some airlines require that their pilots observe 24 hours of abstinence from alcohol before fly-
ing, and some require only 12 houcs of abstinence. Some civilian (12) and some military organizations
require only eight hours of abstinence before flying, and it has even been suggested (10) that no fixed
period of abstinence need be required as long as the blood alcohol concentration is 20 mg per 100 ml or
lower when flying starts. Confidence in the supposedly-innocuous influence of blood alcohol levels
below 20 mg per 100 ml is apparently based on the inability to measure alcohol-induced performance
decrements at blood alcohol levels below 20 (1,10), or below 45 during the decreasing phase of the blood
concentration (18). Aside from the narrow validity of negative evidence, and aside from the possibility
that important, although unmeasured, performance decrements occur with lower concentrations of blood
alcohol, it has been shown that the effect of alcohol on the vestibular system can be hazardous to
flight safety while blood concentrations are falling below 40, below 20, and even for several hours
after the blood concentration reaches zero (3,4,15,28,30). This effect of alcohol is revealed by
positional alcohol nystagmus phase II (PAN II).

Nystagmus is an oscillating movement of the eyeballs in which, usually, the movement in one
direction is slow and the movement in the opposite direction is fast. Normally, a nystagmus occurs when
the head undergoes an angular movement. The angular movement (angular acceleration) of the head in the
plane of a semicircular canal causes the wheel of endolymph (an inner ear fluid) within the canal to
slip slightly relative to the walls of the canal. This slip, this rotation of the wheel of endolymph
relative to the walls of the canal, causes stimulation of the hair cells in the swelling (ampulla) of
the canal, with the result that information about the angular head movement is transmitted along the
nerve that connects the hair cells to the vestibular nuclei in the brain stem. From the vestibular
nuclei the information is transmitted, after filtering and processing, to the nuclei of cranial nerves
11I, IV, and VI, from where it is transmitted by these cranial nerves to the external eye muscles which
cause the oscillations that are called nystagmus. The slow movement of the nystagmus is in the
direction opposite to that of the head movement and at the same angular speed so that the slow movements

of the nystagmus stabilize the eye in space and maintain unchanging the direction of gaze, which
prevents blurring of the retinal image during the angular head movement; the fast movement of the
nystagmus quickly "resets" the direction of gaze to a new position that, in turn, is maintained by the
next slow movement as the angular movement of the head continues.

The essential event in this generation of nystagmus is the turning of the endolymph wheel
relative to the canal walls. Under normal physiological conditions, the endolymph wheel does not turn
unless the head undergoes an angular acceleration. Because the wheel has uniform density throughout, it
acts like a well-balanced bicycle wheel and will not turn in response to linear accelerations or
gravity. It was thought puzzling, therefore, that PAN should occur, because PAh. is dependent on the
position of the head relative to gravity.

It is known that, after ingestion of alcohol, PAN is caused by gravity acting on the vestibular
apparatus. In animals lacking the vestibular apparatus, PAN does not occur (4,19), and in weightless-
ness PAN does not occur (28). In animals or people with intact labyrinths, after the ingestion of
approximately one gram of ethyl aclohol per kg of body weight, the first phase of alcohol nystagmus (PAN
I) appears while the blood alcohol concentration is rising, typically as it rises past 40 mg percent
(4,6), at 30 minutes after an abrupt ingestion. At this time, if the head is positioned with the left
side down, the resulting nystagmus consists of slow movements to the left and fast movements to the
right. In PAN I, then, the fast movements beat to the side of the head that is held down. In the
normal upright position of the head there is no positional nystagmus.

PAN I can be elicited as long as the blood alcohol concentration is rising (3), and for some time
after it starts falling, unless of course it rises so high that the central mechanisms are seriously
impaired. Typically, however, following a dose of one gram of alcohol per kg of body weight, PAN I
starts one-half hour after ingestion and lasts for three hours. At three and one-half hours after
ingestion it stops, and no positional nystagmus can be elicited for a period of one and one-half hours,
until five hours after ingestion. At approximately five hours after ingestion, PAN II appears and lasts
typically until ten and one-half hours after ingestion, which is three hours or so after alcohol Is no
longer detectable in blood (4). In PAN II, if the head is positioned with the left side down, the eyes
oscillate with the slow movements to the left and the fast movements to the right; if the head is
positioned with the right side down, the eyes oscillate with the slow movements to the right and the
fast movements to the left. In PAN II, then, the fast movements beat to the 3ide of the head that is l
up, in the direction opposite to that in PAN I.

The above descriptions of the time courses of PAN I and PAN II assume a single moderate dose of

alcohol. If the blood alcohol level is raised and is then held level for several hours, by repeated
small drinks of alcohol, the PAN I disappears after a few hours and no PAN 11 appears either, for as
long as the concentration remains unchanging (3), suggesting that PAN I is dependent on a risin blood
alcohol concentration. Experiments have also shown that an established PAN I, during the period of
decreasing blood alcohol concentrations, can be reversed by the abrupt ingestion of an additional large
dose of alcohol which causes the blood alcohol concentration to start rising and the PAN to revert to
the original PAN I (3).

1 DCIEM Publication No. 83-P-44
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It is known that in PAN gravity acts on the vestibular apparatus to provoke the nystagmus (4,19),
but how gravity can provoke the nystagmus is not immediately obvious. The vestibular apparatus has only
two kinds of receptors, the semicircular canals and the otolith organs. It is standard theory (21), and
standard textbook knowledge (34), that generally the semicircular canals can provoke nystagmus but
cannot be stimulated by gravity, and the otolith organs can be stimulated by gravity but cannot provoke
nystagmus. On what receptor in the vestibular apparatus, then, does gravity act to cause the positional
nystagmus after alcohol ingestion?

It has been suggested (26) that alcohol, lighter than water, is unevenly distributed around the
endolymph wheel of the semicircular canal, thereby creating a light spot on the wheel (at the ampulla);
if the wheel is then oriented appropriately to gravity, the light spot will tend lo rise, causing the
wheel to turn. The experiments to be described here probe the validity of this p tative mechanism in
order to expand understanding of the pilot who flies during the PAN II period. The experiments were
also designed to determine (i) whether simultaneous ingestion of the appropriate amount of heavy water
with alcohol will prevent the occurrence of the first phase of alcohol nystagmus in man (presumably by
preventing the development of a light spot on the endolymph wheel) as was found previously in animals
(26), (11) whether the second phase of alcohol nystagmus will appear if the first phase is prevented by
heavy water, (iii) whether the second phase of alcohol nystagmus can be prolonged if the blood alcohol
level is held at a high level for a long time, and (iv) whether another substance that is denser than
water, glycerol, can cause a positional nystagmus and whether such a nystagmus would be followed by a
second phase analagous to the second phase of alcohol nystagmus.

METHODS
First Experiment: In 12 human volunteers, nystagmus was recorded with eyes closed, using electronystag-
mography, before ingesting one of the experimental liquids (see below), and again every 30 minutes after
the ingestion for at least ten hours. Recordings at each half-hourly occasion were made with the
subject supine, left side down, and right side down. Each subject was exposed to only one of the five
experimental liquids on each test day, and test days for a given subject were no more often than one per
week. After five weekly experiments, each subject had been exposed to all of the following five
liquids: 1. Heavy water (deuterium oxide 2 ml per kg body weight), 2. Alcohol (I ml of ethyl alcohol
per kg of body weight),3. Glycerol (1 ml per kg of body weight), 4. Alcohol plus heavy water (I ml of
ethyl alcohol plus 2 ml of deuterium oxide per kg of body weight), and 5. Alcohol plus glycerol (1 ml of
ethyl alcohol plus I ml of glycerol per kg of body weight).

In this first experiment the subjects were encouraged to drink the liquid (mixed with fruit
juice) as quickly as possible, as is usual in such studies, and most completed drinking even the most
objectionable mixture within 30 minutes. The simple deuterium oxide, of course, tastes much like
ordinary water and was consumed in a few seconds. The experiments started in the morning at approximat-
ely 0830 hrs, after only a small liquid breakfast, and lasted usually until 2100 hrs. Placement of
electrodes, calibration of recordings, and initial postural tests were completed before the drinking.
At two hours after drinking, and thereafter, the subjects were allowed normal snacks and meals.

Second Experiment: Six of the same subjects also took part in the second experiment, in which the
drinking started in the evening, immediately after a light dinner. Only alcohol was used in this
experiment, and the initial ingestion (1 ml per kg of body weight) was followed by further frequent but
smaller drinks of alcohol that were adjusted in dose and frequency in an attempt to maintain the blood
alcohol level at approximately 100 mg percent for four hours. The blood alcohol level was monitored
frequently by breathalyzer. The drinking stopped at 2300 hrs, so that the pattern of ingestion
resembled that of a social evening. The subjects were transported home for sleeping, and the positional
nystagmus tests were started the next morning at 0900 hrs and continued at 30-minute intervals until the
positional nystagmus stopped.

RESULTS

First Experiment

I. Heavy Water. In the head-lateral positions all the subjects showed the usual heavy water nystagmus
(26), with the fast movements beating toward the "up" ear (Fig. 1). It was present at the test 30
minutes after drinking, in all the subjects, and usually persisted until five hours after drinking.
Once it stopped it did not restart, and no reversal or second phase of heavy water nystagmus was
observed in any of the 12 subjects during the ten hours of observation after drinking.

Figure 1. Electronystagmographic traces of left-right
eye movements in a human subject with eyes

closed. Pen movement upward indicates eye U

movement to the right, a. Lying right side
down, before drinking D20; b. Lying right
side down, 30 min after drinking 200 g of
D20; c. Lying left side down, before drink-
ing D20; d. Lying left side down, 30 min
after drinking D20. Average beat ca. 15 _____ .
degrees. Each trace 3 sec. After ref. 26.

d
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2. Alcohol. In the head-lateral positions, all the subjects showed the usual PAN I, with the fast
beats--fo d the "down" ear (4), as described in the Introduction (Fig. 2). Typically, the PAN I
appeared in the first post-ingestion test at 30 minutes after drinking and disappeared at three and one-
half hours after drinking. The period of no nystagmus lasted usually from three and one-half until six
hours after drinking and was followed, in ten of the subjects, by a period of PAN 11 (fast movements
beating toward the "up" ear) that lasted usually until nine hours after drinking. In eight of the 12
subjects the PAN II did not stop until eight hours or later after cessation of drinking. In two of the
12 subjects no PAN II appeared.

LEFT SIDE DOWN RIGHT SIDE DOWN

PAN I at I Hr after -

alcohol ingestion

PAN II at 8 Hrs after
alcohol ingestion V

Different week. PAN 11
at 8 Hre after ingestion
of alcohol plus D20. /

Figure 2. Electronystagmographic traces of left-right eye movements in a human subject lying
on his side with eyes closed. Pen movement upward indicates eye movement to the
right. Note that in PAN I the fast beats are to the side that is down, and in PAN
II the fast beats are to the side that is up. The PAN 11 at 8 hours after ingestion
of alcohol plus heavy water appeared even though PAN I had been inhibited by the
heavy water. Each trace 3 sec. Average beat ca. 15 degrees.

3. Glycerol. Of the 12 subjects, seven showed a positional glycerol nystagmus in the head-lateral
positions. This nystagmus was unequivocal and had the same directions as the heavy water nystagmus
(fast beats to the upper ear) but it was, in most subjects, a much less vigorous nystagmus than was
observed after heavy water (or after alcohol). Typically, it appeared two hours after ingestion and
stopped at five hours after ingestion. In three of the subjects, the glycerol nystagmus was followed,
after a period of no nystagmus, by a period of second phase glycerol nystagmus in which the fast beats
were to the lower ear (Fig. 3). This nystagmus started at six and one-half hours after ingestion, and
in one of the subjects it stopped at ten hours after ingestion; in the other two subjects it was still
present when the period of observation ended at ten and one-half hours after ingestion.

LEFT SIDE DOWN RIGHT SIDE DOWN
Figure 3. Positional
glycerol nystagmus at
indicated times after
ingestion. Nystagmo-

grams as in Fips. I

and 2. Note the
reversed second phase
at Hr 8 and 10. After
ref. 24. 4 Hr

8 Hr

10 Hr

4. Alcohol plus Heavy Water. For the first six hours after ingestion, this mixture of two volumes of
heavy water to one volume of ethanol produced either no positional nystagmus (in most of the subjects)
or a very weak and short-lived nystagmus of the heavy water type. In essence, the two substances
cancelled each other's nystagmogenic effects. In nine of the subjects, however, at six hours after
ingestion, the second phase of alcohol nystagmus (PAN II) appeared unimpeded even though the first phase
(PAN I) had been prevented from occurring by the heavy water (Fig. 2).

5. Alcohol plus Glycerol. Glycerol, when given with alcohol in equal volume amounts, strongly reduced
(to zero in half the subjects) the phase I alcohol nystagmus. Glycerol also reduced strongly the second
phase of alcohol nystagmus, as might be expected of a substance capable of producing an

Aa , - . ..
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opposite-direction second phase, and only four of the 12 tubjectb showed PAN 11 after ingesting this
mixture; in all four of these subjects, the PAN 1I was less vigorous than their PAN 11 after alcohol
alone.

Second Experiment

Following the four-hour period of holding the blood alcohol concentration at roughly 100 mg
percent during the evening, the recordings the following morning showed PAN 11 in five of the six
subjects, and in four of them it persisted beyond 11 hours after cessation of drinking. The longer
duration of drinking did cause the PAN II to persist for a longer time after the cessation of drinking
in all of these five subjects; on average, the prolongation of the presence of alcohol in the blood
caused prolongation of the PAN II by an increment of 3.7 hours.

DISCUSSION

Regardless of its etiology, PAN 11 does continue for several hours after the blood alcohol
concentration has fallen to zero, as indicated by the observations of earlier authors (3,4,15,28,30).
The present findings confirm that PAN II can persist beyond Ii hours after cessation of drinking. Other
authors (15,30) have reported its persistence for even longer periods, especially under conditions of
high G in flight (2,8).

Since nystagmus can make instruments unreadable, it is reasonable to expect that a pilot who is
flying during the PAN II time interval is at increased risk of suffering periods of difficulty in
reading his instruments. Since a nystagmus is often accompanied by the sensation (perception) that
would normally result from the bodily rotation that would be required to generate the nystagmus (26), it
is reasonable to expect that a pilot who is flying during the PAN II time interval is at increased risk
of suffering periods of disorientation. A head tilt, especially under high G, could provoke nystagmus
and sensations of roll or pitch.

Disorientation effects are more likely to be convincing in flight than on the ground, since
gravitational forces on the ground can be relied upon to remain unchanged in direction and can
effectively contradict the false information from semicircular canals. In flight, the resultant linear
acceleration cannot be used to contradict false information from the canals because it will usually
remain normal to the cockpit floor regardless of the aircraft's orientation, or change of orientation,
relative to the Earth's surface.

The apparent cause of PAN II, and the cause of the potential vision problem and disorientation
problem during the PAN If time interval, appears to be the presence of residual alcohol in the
semicircular canals of the inner ear. That alcohol should remain in the inner ear for so long after it
has disappeared from blood is not surprising, since some other drugs are known to become concentrated in
the inner ear fluids and remain there long after they have disappeared from blood (the basis of the
ototoxicity of some drugs). For example, "the concentration of kanamycin in perilymph 12 hours after a
single injection is 10 times its level in blood, and a significant level remains in perilymph for up to
24 hours or more" (17).

The present experimental results suggest the density-difference mechanism of PAN in six different
ways: (i) Heavy water, which is unlikely to have anything other than a density effect in the dose used
(5), produced essentially complete cancellation of PAN I when it was given with alcohol in the dose
calculated to cancel the density effect of alcohol. It is reasonable to think, therefore, that the
heavy spot on the endolymph wheel from the heavy water coincided with the light spot from the alcohol
and so "cancelled" it. It seems unlikely that a dose of heavy water, calculated to cancel the density
effect of alcohol, would be just the right dose to cancel a different effect of alcohol (for example, a
metabolic effect on the brain). The general intoxication of the subjects was not cancelled by the heavy
water, only the PAN I. (11) Heavy water by itself produced no reversed or second phase nystagmus in the
ten hours of observation. This illustrates the requirement for a relatively fast decline in blood
concentration in order to provoke a reversed second phase of nystagmus. Heavy water moves as ordinary
water in the body and leaves very slowly; in dogs it is removed with a half life of ten days in the body
(33). Consequently, after it becomes evenly distributed around the endolymph ring, and the heavy spot
disappears, it then leaves too slowly for an effective light spot to result from its disappearance.
Alcohol, on the other hand, is metabolized in the liver and its concentration in blood decreases at the
rate of 15 mg percent per hour (3,10), which can be expected to lower the alcohol concentration faster
at the ampullary area of the endolymph wheel than elsewhere. The location of the original light spot
at the ampulla would consequently be expected to house a heavy spot, then, as the alcohol is removed
primarily from that area and is replaced by water; the (relatively) heavy spot then gives rise to PAN
II. This view of PAN II is strengthened by the finding that heavy water produces no second phase. If
heavy water had produced a reversed second phase nystagmus, then some kind of "central rebound" mechan-
ism, like the one suggested for Xylene nystagmus (5), would have to be invoked, and central rebound
would then have seemed reasonable for PAN II also. (iii) The addition of heavy water cancelled PAN I
but not PAN II. This finding makes PAN II seem less likely to be the result of a central rebound or the
result of any "reaction" to PAN I. This finding is more consistent with a density-difference mechan-
ism. (iv) Glycerol, also denser than water, produces a positional nystagmus with the same directions as
heavy water, as had been reported previously (2). Alcohol has been observed to enter endolymph space
(27), but the comparable investigation of glycerol has not been done. It is possible that glycerol in
blood removes water from the inner ear by osmosis (2,8), and produces a heavy spot on the endolymph
wheels by concentrating the endolymphatic electrolytes at certain spots. (v) Glycerol is removed from
the blood relatively quickly, by metabolic processes, and It does cause a reversed, second phase
nystagmus in some people. (vi) Glycerol when added to alcohol cancels, at least partially, both the PAN
I and the PAN II.

The above six points add to the extensive evidence reported earlier (24-27) and help to establish
the density-difference mechanism of alcohol nystagmus. Perhaps the most direct evidence of this mechan-
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Im is the finding that primary semicircular canal neurons, normally insensitive to changes in orienta-

tion to gravity, can respond briskly to gravity after intravenous injection of heavy water (or alcohol)
as shown in Figure 4. It is also relevant that central visual neurons that respond in a predictable
manner, alter dramatically their response to gravity after intravenous injection of heavy water, whereas
these visual neurons do not respond to gravity after heavy water administration following a bilateral
labyrinthectomy (29). Considering all the available evidence, it seems clear that PAN I and PAN 11
are caused by uneven distribution of a low density substance (alcohol) in the endolymph wheel of the
semicircular canals. Pilots who fly during the PAN II time period are flying with alcohol in the semi-
circular canals, and are at increased risk.

WM OWN LEVEL BEAK UP
Figure 4. Raw data (action potentials)
from single primary canal unit of a
pigeon In head-level, beak down, and N - ____...

beak up positions. Recordings in these
positions are shown before any
Injection (NORMAL),after injection of I
ml of deuterium oxide (D20), and after
injection of 0.4 ml of ethanol
(ALCOHOL). Duration of each complete o
sweep - 0.1 sec. The line under the
action potential trace is a DC signal -

of angular position of the device
holding the pigeon. After ref. 23.

It seems appropriate to list here the six pieces of information that are basic to an understand-
ing of alcohol and flight safety:

(i) Alcohol in the blood, at sufficiently high concentrations (20 Mg percent or higher), causes
measurable performance deficits (1,7,18) and is associated with a large fraction of fatal
aircraft accidents in general aviation (11,22).

(ii) Alcohol in the blood, at sufficiently high concentrations (for example, 47 mg percent),
impairs the ability to visually fixate and perform a tracking task while receiving vestibular
stimulation (or In turbulence) (9,16,31,32).

(Iii) The performance deficits caused by alcohol are potentiated by lower-than-normal partial
pressures of oxygen in the inspired air (22).

(iv) Alcohol can cause profound hypoglycemia with severe performance deficits or collapse,
usually between 6 and 36 hours after alcohol ingestion has ceased and after alcohol is no longer
detectable in blood (14). This hypoglycemia tends to occur in children, or in adults who are
fasting to lose weight or who for other reasons have "a history of poor dietary intake" (14).
Hypoglycemia has caused incapacitation of pilots (11,13).

(v) Alcohol can predispose to vision problems and disorientation problems because of an action of
alcohol in the vestibular apparatus of the inner ear, and this hazard can persist for at least
six hours after the blood alcohol concentration has reached zero.

(vi) Since a person with a blood alcohol concentration of 150 mg per 100 ml (typically with
slurred speech but no stumbling or falling) and some alcohol in the stomach will take more than
10 hours to reduce his blood alcohol concentration to zero (10,20), and since the measurable
vestibular problems can persist for a further six or seven hours (3) or possibly longer (15,28,
30), it would be prudent for pilots to abstain from alcohol for at least 24 hours before flying.

CAUTION: Heavy water in doses sufficient to replace 10 percent of body water is toxic, especially if
body content of heavy water is maintained by repeated ingestions for several days.
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DISCUSSION

Billings: Given the variability in the metabolism rate of alcohol from 10-23 mg% per
hour, have you done enough subjects now to have an estimate for the variance
of PAN II onset and disappearance?

Landolt: We have not really looked at that, but it is something that we should do.
We may be able to take that out of some of the information we have access to.

Billings: How many subjects have now been run through to the completion of the PAN II
phase?

Landolt: Although we have sufficient data to pull out this information we have not
specifically done it.

Billings: I think the time period that is to be recommended must really rest on a con-
servative estimate of the metabolic rate of alcohol such as was published in
AGARD conference proceedings 1972 and a conservative estimate of the popula-
tion effect with respect to PAN II as well. I would certainly hope that those
data would be scanned in order to provide information concerning rational
estimates as a function of the amount of alcohol consumed, since of course
the time to get to a zero alcohol level and therefore presumably the time to
get to a zero PAN II level, is not only a function of whether alcohol has
been taken, it is also a function of how much.

Benson: Is your estimate of 24 hours really short enough? When you think of the work
that Oosterveld did showing that in a high force environment you can see
PAN responces for 36 and even 48 hours.

Landolt: The next generation aircraft will have not only high forces of G, but also
some thrust factoring, sideways propulsion, a variety of linear effects. The
combination of these linear effects and the high force could result in bizarre
disorientation problems. Thirty six hours is a good estimate.

Benson: Have you in your experience details incidents or accidents where you can
identify PAN as a specific problem?

Landolt: Not in my personal experience. Dr. Money might.

Chase: Those of us who are responsible for establishing operational policy are re-
peatedly faced with the problem of implementing changes based on what re-
searchers do. I can well imagine the reaction we might get in our operatio-
nal military forces if we went to 24 hours policies. So I have to ask you if
your recommendation has been implemented in Canada or if not, do you antici-
pate it being implemented?

Landolt: It is not implemented as far as I know. I do not know whether it will be im-
plemented. I think we try to establish more data.

Chase: Our policy in the US Army is no flying within 12 hours from the last alcoho-
lic ingestion or until there are no residual facts remaining, which is rather
open-ended. I was wondering if any nation has a policy which extends beyond
a set period of 12 hours?

Perdriel: To determine an abstention period solely by extrapolation from animal experi-
ments is not sound enough.

Landolt: I think with the new generation aircraft 24 hours is not going to be exces-
sive anymore.

Oosterveld: One glass of whisky, 20-30 ml, dissolves into 55 liter of body fluid. By
calculation one finds a change in density in the cerebro spinal fluid and
the endolymph of 0.01-0.02%. Is that really sufficient to cause an alcohol-
nystagmus?

Landolt: A very small density change is required, yes.

Oosterveld: We plugged the horizontal canals but in more than 50% of the rabbits we were
still able to provoke an alcoholnystagmus, only we had to increase the dosage
by factor 2 or 3.
Cutting the utricular nerve meant in all cases a complete stop of the nystag-
mus.

Landolt: Semicircular canals in a certain percentage, maybe 10% of the population,
seem to be responsive to tilt. So you have to test those that are not res-
ponsive to tilt and that implies to me that those have no otolithic respon-
ses anymore. I cannot see that the small changes of alcohol, you say that
would be in the endolymph, result in a density effect on the otolithic stones.
I cannot see much change as compared to the cupula.
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Oosterveld: Drinking 4 glasses of water produces a greater density change than one glass
of alcohol. It produces an opposite effect, i.e. a positional nystagmus in
the opposite direction.

Landolt: We have not tried that, it is interesting. Yes, we might try that.

Oosterveld: Perhaps Mr Chairman, something for a working-group?

'S
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I - INTRODUCTION'

Plusieurs exemples a~ronautiques (aide aux contr6leurs de la navigation adrienne,
automatisation des syst~mes de vol) ddmontrent l'importance croissante de Ilinformatique dans les
relations homme -machine. Plus qu'un simple interface, le tube cathodique reprdsente pour
1'utilisateur le vdritable partenaire de travail. Sa technologie est connve depuis longtemps, mais
son association avec des calculateurs de plus en plus performants est un fait nouveau. Ces syst~nes
informatiques permettent une assistance croissante. Leur r~le est de pretraiter Iinformation
(image radar synthdtique) voire dans certains cas de 2a traiter (pilote automatique). Le travail de
l'homrre s'en trouve modifi6. 11 devient avant tout un gestionnaire de systd1les complexes dont ii
faut caractdriser les contraintes.

La prise d'informations par l'hoire est essentiellement visuelle. Les caractdristiques
physiologiques de l'oeil face au tube cathodique doivent 6tre connues prdcisdment et il convient de
quantifier les 4ldnents les plus pertinents (discrimination ou sensibilit6 spatio-temporelle,
photocolorimdtrie).

De m~e ii faut approcher le plus possible, les mdcanismes de traitement de Ilinformation
mis en jeu par l'individu. Cozmment se fait la prise d'informations, quels sont les 6ldments
essentiels aboutissant A une ddcision dont la rdalisation est possible ou non, selon les moyens
d'action dont dispose le sujet.

Aprdas avoir caractdris6 tous ces dldrrents, il est possible de ddcrire les spdcifications
d'un nouvel appareillage, 6valuant la perception visuelle dans son ensemble.

II - LE STIMULUS VISUEL

Un stimulus visuel peut Ostre d~fini par sa structure spatia-temporelle et sa
photocolorimdrie. D'autres dldments, com les conditions dlobservation mono et binoculaire,
excentricit6 de prdsentation etc..., interviennent dans le panorama visuel, intdqrant lui-m~me le
stimulus visuel efficace.

2.1. - Photocolorimdtrie (BRUN & MENU n*3, SANTUCCI & Coll. n*12)

Ddfinir la photocolorimdtrie d'une source lumineuse ou d'un stimulus visuel complexe,
revient A ddcrire la ou lea intensitds lumineuses de la stimulation et sea caractdristiques de
couleurs.

2.1,1. - Photom~trie
1'oel ea un Une source lumineuse est ddfinie par sa puissance 6nerqdtique (watt/n,?). En fait,
Poei es uncapteur dont Ia courbe de rdponse est spdcifique. La sensibilit6 eat diffdrente selon

lea longeurs d'onde et I'dtat d'adaptation. Cette propridAtd est ddcrite par la courbe d'efficacit6
lunmineuse V Xnormaliade. On utilise alors une unitd particulidre traduisant ce phdnomdne c'est la
luminance luidneuse exprimde en canddla par in2. Elle mesure Ia sensation induite par dnri
d'une source.l'nri4



2.1.2. - Colorim~trie
La couleur est tin attribut de la sensation visuelle 1i~e A la composition spectrale

de la source. Deux voles d'abord sont possibles pour definir une couleur

- des m~thodes subjectives bdes Stir les 3 param~tresi
luminosite, teinte et saturation. Elles ne sont pas
applicables d~s lors qu'elles concernent un grand nombre de
su) et s.

- des mdthodes physiqgues basdes stir des mesures psycho-physiques
normal isdes aboutissant A la d~terminat ion des coordonndes
trichromatiques de la source. Ces cordonnges peuvent ensuite
4tre positionnges dans l'espace des couleurs, d~fini par la
Coimmission Internationale de 1'Eclairage (C.I.E.).
tine reprdsentation simple de la couleur consiste h placer dans
on triangle des couleurs C.I.E., les coordonndes
trich romatigues mesurdes.

2.2. -Structure spatio-temporelle (GINSBURG n1'6)

tine image petit Otre dg.:iite par sa composition oti organisation dans Pespace mais

aussi dans le temps.

2.2.1. - Structure spatiale (BOSHAN n1l)
Toute image petit btre docomposee en diff~rentes frdquences spat iales. Ces

frdguences spatiales sont caract~risges par des variations rdp~titives de la luminance d'un point Ai
on autre, en fonction de la distance.

tin rdseai carr( est ddfini connie une alternance de bandes claires et de bandes
sombres de lcsigueurs variables, tine pdriode reprdsente la distance constitude de la sonmme des
longuetirs de la bande claire et de la bande sombre.

Pour un r~seau carrd., la luminance de la bande claire est homog~ne. Elle correspond
A la valetir de luminance maximium (L max.). Cette luminance est constante stir la longueur x, puis iA
exeiste tin 6chelon et passage A one luminance minimum (L min.) constante, elle aussi sur une
lcxigueur x. (Fig 1).

Depuis que l'on consid~re gue les cellules du syste~me visuel sont sensibles i des
frdguences spatiales spdcifigues, des ridseaux sinusoldaux ont 44t utilisds. La luminance 4volue de
mani~re sinusoidale entre tine valetir maximale (L max.) et tine valeur minimale (L min.). Potir ces
dseaix sinosofdaux, les frdquences spatiales sont exprim~es en cycle par degr4d d'angle visuel. tine
valeur particuli~re m 00 contraste de MICHELSON est d~finie.

L nag - L min
M --------

L max + L min

Les variations de M pour one luminance moyenne et poor diffdrentes frdqtiences
spatiales permettent d16tablir ati moyen de m~thodes psychophysigues des courbes de sensibilit4 sits
contrjistes de luminance.

Stir les coorbes, en abscisse sont indigudes les diff~rentes frdqtiences spatiales et
en ordonndes les variations de la modulation. (Fig 2.)

2.2.2. - Structure toimporelle
Sur on sch~zw identique, ati lieu d'une modulation dans l'espace, le stimulus visuel

petit C-tre moduld dans le t -mps.
Ainsi on petit observer tine plage Itimineuse A one luminance constante pendant tin

temps relativenient long ( >1 sec.) et brusguement prdsenter cette p
1 

age pendant le ,n~me temps A tine
luminance beaucoup pluis faible. (stir le schdma pr&cddent, le temps remplace la distance). Sur le
plan perceptif, on observers one siternance entre tine p1 age claire et one plage plus sombre.

En diminuant le temps de prdsentation, on atigmente les inversions, tin papillotement I
ati flicker apparalt. Si l'on continue h diminoer ce temps de prdsentstion, ao dessus d'tine certaine
frdquence d'inversion, la plage apparaft continuellement 6clsirde. on a atteint la frdguence
critique de fusion.

De la mime mani~re gue pour les frdguences spatiales, l'inversion entre les
luminances au lieu d'6tre en dchelon, peit 6tre rdalisde sinosoldalement. on petit slors etablir des
cotirbes de sensibilit6 pour diverses frdquences temporelles en fonction de la modulation aurour
d'one luminance moigenne.

11 convient de tenir compte de ces courbes de sensibilitd pour ddfinir tout
stimultis visuel.

2.2.3. - Modulation spatio-temporelle
La modulation spatio-temporelle correspond h la perception do mouvement. LA encore,

il faut etudier sdpardment les vitesses de ddfilement que Il'on petit utiliser. Les -6ttdes
fondamentales mettent bien en 6vidence le r6le do la vision pdriphdri queo t attribuont a la rdtino
pdriphdrigue, le rale principal dans ]s ddtection do mouvement.



III - LE TRAITEMEIVT DE L'INFVR!4ATXON

Le stimulus visuel utilis6, capto6 par l'oeil ne reprdsente en fait que l1entrde dans un
syst~me oti bolte noire, dont les sorties seront les actions rdalisdes par 11individu face h ce
stimulus d'entr~e. C'est dans la bofte noire que s'effoctue tout le traitement de l'infcirmation.

Ce traitement petit btre schdmatiqtiement ddcompos6 de la fagon suivante

l a prise d'jnformation,
- P'analyse,

- la prise de d~cision et la rdalisation de la ddcision.

3.1. - La prise d'information

La prise d'information dans le monde ext~rieur est r~alis~e par nos organes des Senls.
Dans le cas prdsent, seule la prise d'information visuelle sera d~velopp~e.

Cette prise d'information visuelle consiste pour tin individu h 6tablir un r~sum?6
pertinent du monde rdel dans lequel il 6volue.

Ce r~sumd pertinent est 6tabli h partir d'616ments particuliers ou traits sp~cifiques
de la Scene, vus et en gdndral attendus. 11 petit Otre fortement modifi6 par I '6tat d'attention du
sujet, mais aussi dui context& dans lequel il est sittz6.

3.2. - Analuse :(Fiig 3.)

Les m~canismes intimes diu traitement de l'information par le cerveau humain sont
encore sujets 6 controverse. Cependant, c'est le concept d'op~ratvt16, d~velopp6 par OCHANIlNE
(n'll), qui paralt h ce jour le mieux expliquer les processus d'analyse. Selon cette thdorie, nous
disposons en permanence d'images mentales, encore appel~es images attendues.

Ces images sont intentionnelles, orientzes vers tin buit, avec un contenu laconique et
piastique. Els sont sotivent le ref let ddfozmg de la rdalit6 ne retenant de cette derni~re que
quelques traits pertinents. L'image mentale petit ainsi stre statique (rdfdrentielle) oti voir son
contenu varier avec le temps (dinamique oti 6iaborative) DENIS (n*4).

Quoi qu'il en soit, cette image attendue construite par le sujet, va 4tre compar~e i
I image r~elle simplifi~e (mais non ddfonmde) extraite dui monde extdrieur. On psut penser que C'est
le nombre de traits pertinents conmiuns aux deux images qui permet l'identufication oti pas du rdel A
l'attendu, (ROSCH cit6 dans LE NY., n*8). Trois possibilitds peuvent se rencontrer:

- l'image rdelle est conforms A l'image attendue. Le d~roulemsnt de 1'action se
poursuit normalement,

- l'imags rdelle est diffrente de !'image attendue mais prdsente tine relation
6vidente avec cette derni~re. Le suiet fait appel h d'autres images mentales contenies en mdmoire
pour essayer de l'identifisr. 11 y a interrtiption dti d~cours temporel normal des images attendues
initiales et rempliacement par un nouveau d~veloppement pr~visible.

- l'image rdelle eat trds diffdrente de l'imaqe attendus. On, se trouve dana tine
situation de stress. C'est sous l'effet de ce stress gue se constitue tine nouvelle r~fdrence
statique oti dynamigus gui permettra ultdrieurement lors d'une situation identigtie de disposer d'une
image attendue adopt~e. Ce mdcanisme ddcrit l'apprsntissags d'une t~che.

On, peut en schdmatisant, considdrer I ensemble des images attenduss ou m~moire
operative comnte tine bibliothqie dont le premier volume conatitue les bases oti rfdfrences.
L'utilisation cle ce rdpertoirs prend dti temps mais eat pr,4cise. Les 6tapes doivent slenchainer
l'une h l'aiatre, aticun saut n'est possible. Au fi et A mesure de l'apprentissage d'une tiche
donn~e, lea ouvrags sp~clalisgs sont 6crits. Leur utilisation par Ia suite est rapide, ne prenant
en compte que les 6ldments les plus importants, c'st-h-dire sautant un certain noribre d'4tapes.

L'utilisatjon dans tine tfiche donnde d'ouvrages spdcialisds est done tr~s adaptde Ai
l'ex~cution de celle-ci. Par contre, s'il n'existe pas le bon ouvrage sp~cialis6, ii n'y a pas
recotirs au volume prdcddent mais retour au mantiel de refdrences et construction longue d'un schdma
ou ouvrage adaptA.

bans tous les cas, le fonctionnement de Ia mdmoire opgrative est "transparent", seuls
Ia rdalisation de la dfdcision qui en ddcotile sera visible.

3.3. - Prise de ddcision et rdalisation de la ddcision

En effet, A la fin du fonctionnement des mdcanismes d'analyse survient tine prise de
ddcision (par exemple :action motrice). Dans certamns cas (contraintes, absence de moyen de
rdponse addquat), le milieu extgrieur n'autoriae pas la rdalisation d'une telle ddcision. Dan$ ce
cas, llefficacit6 du syst~me est 6videmment perturbde.

Si la rdalisation de Ia ddcision est possible, elle entralne alors un changement dui
monde rdel et par Ia m~me, tine modification de I'image rdelle du sujet. Celi correspond ati
fonctionnement dynamique de la rmdmoire operative et dui rdtrocontr6le gue la rdalisation de la
ddcision va engendrer Stir la representation di monde sxtdrieur.
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IV - MM2WOLLLK3E D'EVALUATICY VES CAPACI7ES DE L 'OPERATEUR

Les mithodes de s~lection m~dicales concernant l'appareil visuel qui sont actuellement
utilisies cherchent A ddpister, solt une anomalie, salt une pathologie de l'appareil oculaire.
Files s'adressent donc uniquement A l'entrge dans la chalne de la perception visuelle.

Si la bat te noire est testde par des mdthodes psychotechniques, elle Ilest de fagon
indhpendante. La plupart du temps ces mdthodes consistent h appliquer un stimulus et observer la
rdponse. on salt rarement quel est le niveau de la bot te noire impliqud. Si ces mdthodes ont fait
leurs preuves avec des syst~mes relativement simples, elles risquent dltre faussement sdcurisantes
dans un proche avenir. Par ailleurs, ii faut noter que les mimes tests sont utilisds pour la
sdlection et pour la surveillance. L'expdrience du sujet nWest pas prise en compte de favon
tormelle. Pour pallier ce dernier point, 11 taut avoir actuellement recours A la ddgmarche de
ddrogation. L analyse ddcrite dans les deux chapitres prdcddents, nous a conduit A adopter la
ddnnrche suivante

File sera concrdtisde par un appareil qui permet de progsenter des tests aux suiets. I1 est
centrd sur un 6cran cathodique et un syst~me informatique. La stimulation visuelle est ddfinie A
partir de la situation de travail et en fonction de 1ldldment de la chalne d'information A 6tudier.

Par exemple, si lVon veut connaltre les capacitds du sujet A percevoir des ddtails dans
l'espace, on utilisera la sensibilitd aux contrastes de luminance. Les frdquences spatiales
prdsentdes seront les frdquences pertinentes de la sc~ne de travail. Cette ddmarche est ddja
proposode par GINSBURG (n17), gui a montrd qu'il existait tine bonne corrdlation entre la sensibilit6
aux constrastes et l'aptitude A ddtecter un avion dans le diel. I1 utilise des rdseaux noir et
blanc. Pour notre part, nous dlargissons la mdthode par la prise en compte du facteur couleur.

11 est intdressant de noter que le m~ine rdseau, peut compldter nos connaissances sur les
capaci tds de l'opdrateur. Le ddfilement de ces mires permet d'dtudier la perception du mouvement,
fonction non 6tudide actuellement et dont on connalt toute V importance en adronautique. En
ddplagant le point de fixation du regard, les mgres stimulations permettront de connaltre la valeur
de 1l6tat fonctionnel de la rdtine pdriphdrique.

Un des processus important du traitement d'information, est la comparaison d'une image
attendue A une image du monde rdgel simplifide, extraite du monde externe par le sujet. on peut
imaginer un test gui consistant A prdsenter stir simulateur tine image noyde dans un bruit de fond
Wn2). Les caractdristiques physiques de ces images sont ddfinies suivant les crit~res exposds

pr&cddeinent. Le sujet doit reconnaltre une forme particuli~re dans le bruit de fond. La valeur dtiu
rapport signal-bruit ou torme pertinente sur bruit de fond est le crit~re retenu pour juger les
capacitds du sujet dans ce test. Il y a tine certaine analogie avec la mdthode de surveillance et
d'entralnement A la vision de nuit , ddveloppde en France par PERDRIEL et COLIN (n*6).

Pour cinder des situations de stress, on petit disposer de plusietirs nidthodes. La maltrise de
la dur& de prdsentation en eat tine. L16blotiissement en cotirs de test permet de perturber le
capteur sensoriel. Dans tous les cas, il eat important de mestirer le ddlai sensoriel face A la
stimulation, 6ldment non pris en colrpte actuellement. La mesure de ce ddlai de rdponse st
possible, non setilement pour les actions motrices, mnais aussi pour les rdponses verbales (MENU,
SANT UCCI, n*10).

11 ne s'agit lA que de quelgues exemples de mdthodes d'examen en cours d'dtude gui toutes
ont pour tinalitd d'6tudier la perception visuelle en situation intdgrge.

Cette ddmarche petit s'appliqier A tous les domaines de la inddecine dum travail cosine en
tdmoigne les travaux d'un groupe de Mddecins du travail anim6 par l'tin d'entre notis. Ils
ddtinissent tin appareil reposant stir les principes 4noncds ci-dessus fGAVAULT, n*5).

CONCLUSIONS

Lea capacitds de prise de ddcision et de gestion des syst~nes telles guoan petit les
souhaiter dana l'intormatique moderne, et plus prdcisdment dans l'agronaitiqie, sont 6troitement
lides A Ia perception visuelle.

Le cerveai htimain ne petit agir correctement qua slil dispose d'une image de travail, image
rdsumde du monde redel de bonne qyalit6. Cette prise en c'ampte des capacitds du capteur eat tine
condition ndcessaire mais non stitfisante A la rdalisation de l'action. C'est pourguoi, nous
envisageons le ddveloppement d'une nouvelle batterie de tests de la perception visuelle qimi, en
plus des examena classiques et toujurs d'actualit6, propose d'6valtier cette perception vistielle
intdgrde dans la rdalisation de la tiche.
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EVALUATION AND CONTROL OF LASER HAZARDS
G. Holtrup

Bundesminister der Verteidigung
Postfach 1328
5300 Bonn 1

Bundesrepublik Deutschland

SUMMARY
I,

Powerful lasers are used in modern weapon systems for the purpose of range finding,
target illumination or designation and weapon guidance. As laser radiation can be harmful
to human health, control of field and airborne lasers becomes necessary. This control
must rely on the determination of the hazardous zones associated with the laser's operation.

The safety guidelines for field and airborne lasers should centre on limiting the access
of personnel to laser areas, limiting laser operation in occupied areas and limiting the
exposure of personnel to laser radiation.
Protection standards have been worked out which enable to classify a laser system and
establish an adequate hazardous zone. A summary of international agreements on laser
safety is given and a survey of the LASER SAFETY REGULATIONS valid for the German forces
is presented.
Examples are given for the most commonly used rangefinder of the German Army.
Problems arising from airborne laser operations are discussed.
Future development of eye-safe lasers is outlined.

In 1975 AGARD Lecture Series No 79, titled "LASER HAZARDS AND SAFETY IN THE MILITARY
ENVIRONMENT", was held in Germany, The Netherlands and Norway. In the opening remarks
Wing Commander A.N. Nicholson from RAF Institute of Aviation Medicine, Farnborough, pointed
out that the introduction of lasers into both military and civil operations brought with
it the problem of the safe use of devices which emit beams of high-energy light. The aim
of AGARD Lecture Series No 79 was to provide a forum which would help to create a uniform
approach to laser safety within the NATO alliance.

For recollection: Laser stands for "Light Amplification by Ltimulated Emission of
Radiation". So a laser is a light source whose radiation is monochromatic, Toherent and
The angle of divergence is very small. The first laser device was developed by Maiman
in 1960. It was a ruby laser working with a wavelength of 694.3 rm. Today there are
a lot of materials which are suitable for laser radiation production. Table I gives
a brief selection:

Table I: Laser materials:

Laser material Wavelength (nm)

Ar - gar 488 /c5i a - visible
Kr - ges 520 569 - visible
He - Ne - gas 6-2. - visible
I lby - crystal 694.3 - visible
GaAs - semiconductor 90 - near infraredNd - YAG - crystal 1060 - i n f ?,r
C02 - gas 10590 - far nfrered
Dye - liquid tunable

Laser can emit continuous wave or pulsed ofdthe ordPulse lengths of some ns
hasv even achieved a peak power output of some n. per pulse is possible.

a owecause of its properties lasers have become a very valuble and extremely precise
instrument in industrial production, medicine - especially in surgery - and in nbturel
science.
In military technology too, lasers r diacretsingly used and u there ere laser devices
ioonaolageal. systemp for the purpose of rAnge-afJndlng, trget illunilon or
designation and weapon guidance. A direct resul cf purity in frequency, coherence ndsmall angle of divergence is the high power density in the laser beam which cpn be

considerably ingrome quu cng. Theoretically, a coherent beam c n be concentrated
Jwi the focus by a lens to a beam diameter of the order of the avelength used. For thatreason, even from P weak gap laser with an output power of 10-J W and a wavelength of ',#m,
a power density of 105 W/cma in the focus can be achieved. So it becomes cleor that the
retina of an unprotected eye may be injured, even by low poweerisua rntion, becauseof the focussing effect of its lens.

The damage mechanism of laser radiation to the eye or tissue hps been investigated
on a large scale. Simplifying, it can be described as follows: The incoming

.. electromagnetic energy is absorbed and causes an increase in temperature (thermal
effect). Looking from the quentummechpnical point of view, the incoming photons interact [
with the molecules and may change the intermolecular binding and so give rise to a |

i i chemical change (photochemical reaction). Both processes can damage the biological function|
of tissue and, concerning the eye, even a small burm may Impnir visual function.
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Because of this danger there have been early attempts to establish safe exposure
levels. The first standards go back to 1963 and were worked out in USA. Today we have
within NATO a safety agreement which treats in Qec2il how lasers shoulL ue opernted.
Tni± agreement - STANAG 3606 - "Evaluation and control of laser hazards" - is based on
the philosophy that, when operating a laser, a well defined hazardous zone is created.
The size of that zone depends on the characteristics of the laser (output power,
wavelength, pulse width, pulse repetition frequency, angle of divergence) and,
naturally, on the maximum permissible exposure levels. The main parameter for determining
the hazardous zone is the Nominal Occular Hazard Distance (NOHD). Formulae are given
in STANAG 3606.

To get a quick impression of a laser's hazardous potential, laser systems have to
be classified. Altogether five classes have been defined - see Table II.

Table II: Laser classification:

Class Definition (according to STANAG 3606)

I - If the total output power or pulse energy concentrated
Exempt into the limiting aperture, i.e. 7 mm for 1400 nm

or 1 mm for 1400 rm, which could occur during intra-
beam viewing with a magnifying optical instrument, does
not exceed the appropriate Protection Standard at the
laser transmitter optics exit aperture, then the laser
system is classified: Class I - Exempt. This implies
a NOHD of zero and thus no further hazard evaluation
is needed on Class I systems.
See however Class III a below.

II - The following laser systems are classified Class II -
Low Power Low Power:

1. Visible (400 nm to 700 nm).
a. Visible (400 nm - 650 nm) continuous wave (CW)

laser devices with output powers greater than
0.385 *W but equal or less than 1 mW.

b. Visible (650 mm - 700 mm) CW laser devicgs with
output powers greater than 1.2 (T2) (10-0) W, but
equal or less than I mW; where T2 is the exposure
duration specified in Table D-I (STANAG 3606).

2. Visible repetitively pulsed laser devices which cannot
emit enough energy to exceed the appropriate protection
standard (Table D-I and D-IV of STANAG 3606) anywhere
in the beam during a time intervall which is the least
of either 0.25 s or the maximum possible duration inherent
in the system.

No further hazard evaluation of Class II laser systems is
required.

III- These are laser devices which emit radiation that is
Medium Power hazardous to view directly or after specular reflection, but

under normal viewing conditions are not hazardous after
reflection from a diffuse surface. The following laser
systems should be classified: Class III - Medium Power:
1. Single-pulsed lasers, if the radiant exposure per pulse

at the transmitter optics exit aperture exceeds the
appropriate protection standard, but falls below the
values for diffuse reflections.

2. All CW lasers which do not fall within Class I or Class II
and whose power outputs do not exceed 0.5 W.

3. For repetitively pulsed lasers with pulse repetition
frequencies (PRF) greater than 1 Hz it is necessary
to determine the protection standards both for the
pulse width and pulse train criteria.
If, after applying the conversion factor, the radiant
exposure at the transmitter optics exit aperture exceeds
the figures in Table D-I of STANAG 3606, but if the device
is not able to cause hazardous reflections from a Lambertian
reflecting surface, then the laser falls into this class.



III a A special Class III a is applied to laser devices which
for intrabeam viewing with the unaided eye appear- to
conform to the criteria of Class I - Exempt, but where
the protection standard is exceeded for viewing with
magnifying optical instruments.
Class III a also includes those visible lasers which have
a power output between 1 and 5 mW, and the irradianqe
at any point within the beam is less than 2.5 mW1cml-.

IV - These are lasers which exceed the upper limits of
High Power output power for a Class III laser and may therefore

produce a hazardous diffuse reflection from targets
near the laser.

As can easily be seen from the definitions given above the classification of laser
systems is a rather sophisticated task which can only be handled by personnel with
expert knowledge.

As mentioned before, within NATO, STANAG 3606 represents the generally accepted
laser safety standard for military laser devices. Parallel to this the International
Electrotechnical Commission (IEC) - Technical Committee 76 - worked out a civilian
protection standard. This will become a German national standard (DIN) and I guess
it may be adopted by the other participating countries, too. Although definitions
and exposure limits do not differ too much, I think it to be helpful if these
two internationally agreed standards could be harmonized.

Following the ideas and guidelines of STANAG 3606, the German MOD has established
the Federal Armed Forces Laser Regulations. The main features are:
1. User: User of a laser system is the authority whose personnel is operating the

device (normally the battalion commander).
The user is responsible for the availability of the required safety devices and
personal protective equipment.
For the surveillance of the operation of laser systems the user has to appoint at
least one Laser Safety Officer (LSO) and one deputy. Only persons with the required I
expert knowledge shall be appointed to the post of LSO.

2. Classification: Classification of laser systems operated by the Federal Armed Forces
is incumbent on the Federal Office of Military Technology and Procurement.
The result of classification must be labeled on the laser and is to be included
in a specific operational paper (we call it: system-specific laser regulation).

3. !f areas: Areas in which the permissible protection standards nay be
iffid uneroperative conditions constitute laser safety areas. The determination

of laser safety areas shall be based on the Nominal Occular Hazard Distance (NOHD)
beyond which exceeding of protection standards is not to be expected,
If optical instruments are employed for observation purposes during operation of laser
systems (or if this possibility cannot be ruled out) determination of the size of
the laser safety area shall be based upon the extended NOHD.

4. Protective measures: Protective measures are determined by the class of the laser
system. Operation of unclassified laser systems is not permissible.
Laser power shall be as low as suitable for the case of application. Only those
persons shall be present within the laser safety area as are required for performance
of the assigned task or for training purposes.
Laser systems shall not be operated without adequate supervision. If, during
operation, the LSO is not present in person he shall appoint a person in charge
who acts as supervisor and makes sure that the required protective measures have
been taken prior to activation of the laser and are adhered to during operation.
Laser systems shall be secured against unauthorized or accidental activation.
Protective measures for indoor and open air operation of Class III and Class IV
laser devices are specified in great detail.
The marking of laser safety areas is described and the preparation and publication
of standing operational procedures (SOP) for ranges and training areas is required.
The final item in the Laser Safety Regulations is:

5, MIEdia a yervision: Persons who are exposed to laser beams within a laser safety
areCa e eplaced under medical supervision. The details are given in a medical
surveillance program for military personnel, civil servants and employees exposed
to occupational health hazards.

The most prominent laser device used in the German Army is of Nd-YAG type. It is
installed in the anti-aircraft tank GEPARD, the battle tank LEOPARD 2 as well as the
artillery tank and serves as a rangefinder. Some figures concerning laser safety of
that device are given in Table III:



7-4

Table III: Nd-YAG laser in weapon systems of the German Army

System Class NOHD extended NOHD

Anti-aircraft tank III 1400 m DF 8x30 - 5.2 km
GEPARD DF 10x50 - 8.7 km

Battle tank III 3300 m DF 8x30 - 12 km
LEOPARD 2 DF 10x50 - 20 km

Artillery tank II 2800 m DF 8x30 - 10.4 km
DF 10x50 - 17.4 km

Although the values of the NOHD, especially those of the extended NOHD, are quite
high and the associated laser safety areas are very large, an adequate control of
those areas can be handled because the lasers are operated from fixed positions or
from slowly moving vehicles and laser operation is restricted to firing ranges or
training areas.

The situation considerably changes when looking at airborne laser operation. In
that case surface hazardous area of an air-to-surface laser is the laser beam footprirt
and a reasonable buffer zone surrounding the beam. In order to prevent that large
areas become hazardous, STANAG 3606 gives a list of rather restrictive measures for
airborne laser operations: The operator, for instance, has to assure that the laser
beam is aimed only at authorized target areas. He has to cease laser operation immediately
if unprotected personnel are observed in the target area. To assure proper pointing
of the beam, the reliability of the laser system should be guaranteed. Random
malfunctions which adversely affect system safety should be precluded. An automatic
disable function switch should inhibit laser firing if poor target tracking occurs.
All these measures sound quite reasonable but they are not easily achieved.

Up to now we have dealt with lasers radiating visible or near-infrared light.
In this radiation band the eye transmits and focusses the energy on to the retina.
Outside this band the eye is virtually opaque and the energy is absorbed mainly by
the tear-film and the aqueous content of the cornea. So the idea was to construct laser
devices which emit in the far-infrared (wavelength greater than 1.4 Rm) and call them
eye safe because the retina is no longer threatened. In that waveband there are
three lasers that are likely to be of importance: C02 (10.6,mm), holmium (2.06,m) and
erbium (1.54/Im). But beware, the designation "eye-safe laser" gives the impression
that no maximum permissible exposure levels are necessary. This is not true, because
a change in the corneal structure is likely if the power of these lasers and the
exposure time are excessive.

I
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Les dangers presentes par L'utitisation des Lasers et ceux plus particuLitrement lies au rayor.ement Sont
dlus essentiellement aux atteintes ocuLaires. Si La determination des vaLeurs maximaLes d'exposition impose
Lie ccnnaissance precise des param~tres physiques et des effets biologiques associ~s, Llinftuence d'un
faisceau Laser sur La fonction visueLLe doit ftre 6vaLu~e dlans une Perspective dynamiqLe de physiologic
sensorielLe. Le seuit doit esprimer La valeur Limite d'une relation existant entre L'6nergie etlou ta
puissance dissipee au sein de [a structure bicloqique exposke et L'apparition dle La plus petite atteinte
fonctionnetLe ou lesion d~tectabLe Susceptible d'entrainer un dommage. Cette definition introdluit deux
concepts Le choix du critkre, atteinte reversibte ou irreversibLe et ta mesure dle L'4change 6nerg~tique
associe. It apparait ainsi que Les param~tres bioloqiques et physiques constituent un ensemble dont Les
61l6ments reagissent Les uns sur Les autres dlans une dynamique compLexe. Leurs descriptions, ta definition
des critkres et L'6vocation de rksultats exp~rimentaLX iLlustreront Les difficuLt~s rencontrdes dlans
L'anatyse dle l'atteinte fonctionnel.Le et dlans La d~termination des limites d'exposition et permettront
d'#voquer tes incertitudes des normes actueLles.

LES PARAMETRES PHYSIQUES D'UNE EXPOSITION

Is varient avec Le type dle Laser utiLis# continu ou b impuLsions, accordt sur une fr~quence connue ou
accordlabLe, c'est b dire A longueur d'ondle d'6mission variable.

Ce sont:
I - La source, ponctuelle ou plus Large et par Lh l'angte sous Lcquel. est vu, de t'observateur, La

source lumineuse.
On sait que tous Les Lasers au taisceau collimat6 sont assimil.6s h des sources ponctueLLes, si L'angLe ai
SOLs Lequel. est vu Ia source est inf6rieur A un angLe ai MINIMUM (ai MINe); pour une valeur sup~rieure h ciMIN,
La source est dite "iftendlue'.

11 La nature du faisceau, sa divergence et son caract~re direct, r~fl6chi ou diffuse.

III -La Longueur d'onde:

ULTRAVIOLET UV C 100 A 280 nm
UIV B 280 A 315,320 nm
UV A 315,320 A 380,400 nm

380,400 A 760,780 nm

VISIBLE
INFRA-ROUGE IR A 760-180 A 1400 nm

IR B l400nm A 3000 nm
IR C 3000nmb 1 mm

IV -Le temps :Ia dur~e totate d'eicposition qlu'ette soit instantande ou chronique, que te Laser soit
continu ou A impuLsion mais aussi La durte de L'imputsion, sa fr~quence, Le temps s~parant chaque impuLsion
dlans Ie train d'imputsions Lul-mime, en d'autres termes La distribution temporelLe dle L'nergie.

V - Enfin, L'6nergie et/ou La puissance absorbbe par Ia struCtLre expos~e. L'expression est diff~rente
selon que te rayonnement est direct ou diffusd et seton Le mode dle fonctionnement du laser, puts# ou continu.



Le tableau 1 risume ces donn~esTALUI

LASER PULSE LASER CONTINU

RAYONNEMENT DIRECT 
>20m

*en densitt surfacique d'6nergie a en irradiance E, quotient du
(RADIANT EXPOSURE - H) flux incident par La surface

de le6L6ment irradi6,
exprim~e en 2Joule par cm

2  exprim~e en Watt par cm
2

(J.cm- ) (W.cm-2)

RAYONNEMENT DIFFUSE
*UV en densit6 surfacique dlnergie

*VISIBLE et IR
en densite surfacique d'6nergie *en radiance L ou en unitO de
par unitk d'angle soLide puissance par unit6 d'angLe
caest A dire -2 sotide et par unit6 de surface
en Joule par cm par steradian clest A dire _2

(Jc Sr2 en Watt Par cm et par steradian(J cm ..r.2 -.1
(W.cm .sr

LES PARAMETRES BIOLOGIQUES

I -EFFETS OCULAIRES

Le glgbe ocutaire peut Otre assimit6 chez L'homme et le primate b une sph~re de diaff.6tre variable,
pLac~e dans une cavit6 osseusa, L'orbite, ouverte en avant et prot~g~e uniquemant par Le rideau paLp~braL
et se dCepLa~ant sous tLaction de six muscles oculo-moteurs. Ce globe ext compos6 de 2 segments de sphbre
accoL~s et de structures interm6diaires.

1*) -Le segment ant~rieur transparent constitu6 par La corn~e au contact de L'air ambiant par L'intermk-

diaire du film LacrymaL en avant, de L'humeur aqucuse en arri~re. CeLLe-ci rempLit La chambre ant6-
rieure du globe d~timit6 en arri~re par Le rideau irien au centre duqueL se trouve La pupiLLe.

*un 6pith6Lium externe de faibLe 6paisseur se reconstituant en 48 heures Lorsqu'iL ext L60A et
slappuyant sur:I

*une membrane dite de BOWMANN,
*une ccuche e-paisse constitu~e de fibres paralltles qui (dsdes, guhrissent par une cicatrice opaque,
*une membrane Alastique interne, membrane de DESCEMET qui ne se r~g~n~re pas et qui L6see Laisse
L'humeur aqueuse envahir Les couches corn~ennes centralas, provoquant un oedbme entrainant une
baisse de L'acuit6 visueLLe,

*un endothklium interne, couche monocettulaire au contact de l'humeur aqueuse.
ELLe ext transparente au rayonnement visible et au proche infra-rouge. Elle ext sensible comme La
conjcnctive prot~geant la face ant6rieure du globe et tapissant La face post~rieure des paupi~ras,
aux infra-rouges Lointains et aux proches ultra-violets.

20) -Le segment post6rieur compos6 de 3 couches

L a scL~rotique, enveLoppe ocuLaire externe opaque r~sistante et se continuant en avant par la corn~e;
L a choroide , 6paisse et vascuLaire au r8Le nutritif, continu~e en avant par L'iris, diaphragme
muscuLaire au diam~tre variable;
l a r~tine, la plus interne, 6L~ment sensorieL, constitu6 de dehors en dedans par L'6pith~lium
pigment6 adh~rent A La choroide et prot~geant Les photor~cepteurs, c6nes at bitonnets, les celluLes
bipoLaires puis Les caLLuLes gangLionnzires que proLongent Lax fibres nerveuses constituant le
nerf optique.

La topographic de la r~tine, comma sa constitution, variable seLon Les espbces, se r~partit en
3 zones chez L'homme:

- une zone avaugLe ou papiLLe, endroit d'Amergence des fibres nerveusax sortant du globe pour
constituer Le nerf optique,

- une zone p~riph~rique plus riche en bitonnets,
- une zone cantraLe ou macuLa centr~e sur La fovea peupl~e de c8nes. Cette zone situ~e A 3mm environ

du bord temporal de La papiLLe prdsente La sensibilitd maximale; ela ext le support de l'acuit6
visueLLa at du sans chromatique, aLors qua La zone p~riph~rique riche en bitonnets ext surtout
utile en vision nocturne. L'acuitA& visuelLe, maximaLe au centre de Ia macuta n'atteint qua le
quart de sa vaLeur pour una excentricit6 de 50 at 5/100 A 20*.

30) -Las structures interm6diaires.

ELLes sa situent entra ccx deux segments dilimitant La chambre ant~rieure remptie d'humeur aqucuse
sdcr~t~c par Le corps ciLiaire at La chambre postdrieure rempLie de vitrA&; ce mont L'iris at Le
cristaLLin.

- L'lris a une structure proche de Ia choroic'e at posshde des muscles ditatateurs at constricteurs
r~aLisant L'ouverture de La pupiLLe dont Le diam~tre vanie de 2 h 3 mm an adaptation diurne b
7-8 mm an adaptation nocturne;

- Le cristaLLin, Lentille transparente biconveye situ~e juste en arri~bre de I'iris at amarrte par des
cordages ccntractiLes au corps ciLiaire at A L'iris. Cette LentiLLe, au pouvoir d'accomodation
diminuant avec Oiage, de 14 D A 14 ens A 4 D A 40 ens at de 1D A 60 inns, focalise La faisceau
Lumineux sur Ia rdtine.



Ce syst~me ocuLaire constitue toutefois un syst~me dynamique assurant dans une certaine mesure, de lui-
mime, une protection physioLogique par :1

- Les paupi~res, aux mouvements spontan6s et r~fLexe de fermeture, d~cLench~s en 150 A 250 ms par une
illumination 6tev~e, r~fLexe paLp~braL, ou plus rapidement mais de faqon aL~atoire A La suite d'un
stimulus nociceptif sur Ia comne clest A dire provoquant un effet nocif sur Parchitecture de ta
comne

- Ic film Lacrymat opaque aux infrarouges Lointains et absorbant une partie de La chaleur par 6chauffement
et 6vaporation ~L ~iee jsatl

- La pupitLe, qui adaptant son diam~tre au niveau d'6cLai rage ambiant, prot~ge L ~iee jsatL
flux 6nerg~tique phn~trant L'oeiL;;I

- Les mouvements oculaires et en particuLier Le micronystagmus de frequence variable de 5 S 10 c.p.s

- La vascutarisation r~tinienne tr~s importante assurant une diffusion rapide du flux thermique.

Ainsi, Le globe ocutaire sur Le plan opticlue peut itre assimiLe A un systeme optiquc reduit au caractere
dynamique r~agissant au flux 6nergitique incident.

Aussi, Les facteurs biologiques entrant en jeu dans Les inductions des effets ocuLaires des Lasers sont

- Le diambtre pupiLLaire, fonction du niveau d'adaptation et qui vanie de 2 a 7,5 mm. Le flux lumineux
entrant dons La pupille vanie comme Le carr6 du diambtre pupiLLaire. Le rapport pour une Longueur d'onde
donn~e de l'irradiance r~tinienne A l'irradiance de La corne appeL6 gain optique ou "MAGNIFICATION
FACTOR" ou STREHL RATIO (GUBISCH, 1967)(1) vanie de 104 pour une pupiLle au diambtre voisin de 2 mm,
A 1 x 105 pour un diam~tre de 5 mm et 2 6 2,5 X10 pour un diametre de 7-8 mm.

- La formation diirrage ou son absence :La dimension de L'image r~tinienne est un facteur important
(BEATRICE et aL, 1973)(2).
On rappeLle que compte-tenu des aberrations du syst~me optique ocuLaire, des micromouvements, L'image
d'une source ponctueLLe a une dimension minimaLe de lPordre de 10-20 ji.

- La LocaLisation de L'ixage sur La rdtine :une Lesion h La p~riph~rie ext g~n~raLement beaucoup momns
severe qu'une atteinte foveaLe entrainant sinon La c~cit6, un scotome central important (Lacune et/ou
amputation du champ visueL);

- Le coefficient d'absorption des mitieux transparents, comne, humeur aqueuse, vitr6, cristatLin,
L'6pithdLium pigmentaire, c'est A dire La structure du globe ocuLaire concern~e et La nature et L'impor-
tance de Ia pigmentation (BOETTNER et al, 1962-1967 - GEERAETS (3-4) et BERRY, 1968 (5)
L'importance de latteinte est fonction de L16nergie absorb~e, de La surface stimuL~e, de sa locaLisation
sur La r~tine, de ta transmittance des milieux ocuLaires et de Ia pigmentation variable seLon La race.

Les Lasers A impulsion et surtout ceux dont Ia fr~quence de relaxation est 6Lev~e sont Les plus dangereux.
On admet qu'un Laser ext continu Lorsque Ia dur~e d'6mission est sup~rieure ou Agate A 250 ins, temps moyen
du r~fLexe palpkbraL quand il existe. La protection qu'assure Les r~fLexes photo et ccuLomoteurs ext
susceptible de jouer Lors d'iLLumination continue ;elLe ext sans effet Lorsqu'iL s'aqit de Lasers puls~s,
aux impuLsions courtes.

LA NATURE DES ATTEINTES

I - CORNEE

Les atteintes cornbennes directes ou indirectes varient en fonction de La Longueur donde. Comme au
niveau de La conjonctive, L'itLumination UV provoque en queLques heures une atteinte sdv~re . 1
IL apparrit une photokeratite tr~s douLoureuse 6voluant en g~n~raL favorabLement. Avec Les IR et m~ine Les
UV, iL slagit, avec des flux incidents faibLes, d'une rfodification progressive, de La courbure corn~enne
puis h un degr6 plus 6Lev6 d'une opacitA arrondie de diam~tre apparent Agal au faisceau. Cette opacittA
peut se creuser, se percer en son centre Laissant sourdre L'humeur aqueuse aLors que Les berges opaques
se r~duisent progressivement.

Les Lisions indirectes mont A La fois des modifications de La morphologic de La comne, mais aussi une
d~gindrescence plus ou momns superficieLLe, se surchargeant de d~p~t caLcique. ELle ext en g~n~raL Ia
cons~quence d'un oedkme avec apparition de n~o-vaisseaux

Ainsi, queLques jours apr~bs L'iLLumination des opacit~s grisfltres arrondies si~sgeant au-dessous de
L'6pithktium et dans Les couches superficieLLes du stroma corn~en peuvent apparaltre ; eLLes sont centraLes
ou paracentraLes et 6voLuent rapidement vers une zone totaLement opaque.
Ces L~sions seraicnt seccndaires h L'absorption de L'Anergie au niveau de l'ApithAkium pigment# de Liris.

It - CRISTALLIN

Ces Ldsions 6voluent peu en fonction du temps. D'apparition plus ou coins rapide, cttes ne disparaissent
jamais et respectent en gdndraL ta capsule antdrleure. ELLes sont Le plus souvent de forme ovoide au grand
axe se situant dons La direction du faisceau incident, de coloration gris bLanchitre avec un maximum
d'opacit6 au centre. Ccci traduit une aLt~ration dhfinitive des prot~ines du cristaLlin.

III - IRIS

La rip~titlon d'irpacts seute, cr~c une atration se caractdrisant par La migration des pigments dans
La chambre antieure dont L'humeur aqueuse r~agit. Au niveau de L'impact une zone de pigmentation anormale
apparalt entourie d'une couronne en relief 6voquant L'oed~me Local. Ces L~sions cicatrisent et *votuent
favorabLement en trois semaires, si eLLes sont ponctueLLes et mares . Larges et ripktdcs, W~e se treduisent

r ~par ure paratysie de L'lrls en myosis plus ou moins serr6, une atrophic pouvant dvoluer vers La ddchirure
plus ou moins complex.
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IV - RETINE

*L6sions en g~ndrat arrondies, bien circonscrites, de dimension variable scton Le diam~tre de L'image,
cites 6votuent de ta d~pigmentation A t'hhmorragie en goutte envahissant te vitrd, pour Les
t4sions majeures.

*Atteinte fonctionneLie :it existe entre La Lksion r~tinienne d~ceiabte A Llexamen ophtatmoscopique
et L'AbtLoiissement physiotogique, des atteintes fonctionneties de La r~tine se traduisant
par un phototraumatisme que seute r~v6le uIie baisse de La sensibiiit6 rdtinienne dont
t'adaptation h L'obscuritd..comme Le Sens chromatique peut Etre d~finitivement modifi*
Ces phdnom~nes sont rdversibles, irrdversibles ou semi-r~versibies et varient seion L'importance
de L'image . mais apparaissent souvent plus importants Lorsqu'iL s'agit dii~tumination continue
en Lumi~re diffus~e A faibte niveau

LA NOTION DE CRITERE D'ATTEINTE ET DE SEUIL

La ditermination des niveaux d'exposition au-deLA desquets une atteinte dommageabie apparait pose Le
probL~me de La nature des crit~res retenus, atteinte anatomique ou fonctionnetLe, irr~versibte ou rkversibte,
apparaissant dans des d6tais variables rapides ou diff~rds, et corritativement de La sensibitit6 du test
utitist.

L'importance d'une L~sion est Agaierent ti~e A La gine fonctionnette qu'ette provoque : ue t~sion
irr~versibLe si cite se situe A La p~riph~rie de La r~tine peut ne pas entralner de dommage apprdciabte;
foveate , eLLe conduit g6niratement A une invalidit6 importante.

Par ordrc croissant de sensibiLitE du test, it est ctassique de citer

- L'examen ophtaimoscopiquc de la corne, de La chambre ant~rieure, du cristaLLin et du fond d'oeiL
associk ou non A L'6tude et La mesure du champ visueL,

- L'6tudc angiographique du fond d'oeii, f
- i'examen anatomopathotogique

*en microscopic optique de La structure g~n~raLe de ta r~tine,
*en microscopic 6Lectronique des uitraStructures, des photor~cepteurs, des celLutes
gan~tionnaires, des ce[LuLes de MOLLer.

Les examens fonctionnets et 6Lectrophysiotogiques apportent des indications pr~cieuses; its mettent
en Evidence pius faciLement Les effets dommageabLes qui se traduisent par une atteinte fonctionnelte
plus ou momns s~vbre. Mais it est important d'6tudier L'acuit6 visueLLe, le champ visueL, Les courbes
d'adaptation, te Sens chromatique -L'activit6 L&Lectrophysiotogique de ta rdtine et des aires visuettes
de projection c~r~brate. On sait cependant que Les alt~rations 6LectrophysioLogiques sont essentietLement
fonction de L'etendue de La surface r~tinienne iLtumin~e, du nombre de photor~cepteurs atteints et de La
Locatisation de cette atteinte Sur La m~tine. Leur Etude est absotument n~cessaire A La d~termination des
effets d'exposition de Longue dur~e ou r~p~t~s, et ccci d'autant plus que L'iLLumination est diffus~e et
int~resse toute La r~tine (ZWICK, 1974 (6-7) - ROBBINS et aL, 1973 (8-9).

La majetre partie des d~terminations de scuil pour L'atteinte de La comne, du cristaLLin ou de La
r~tine a 6t6 r~aLis~e chez i'animaL, te Lapin et Le primate MACACA MULATTA ou CYNOMOLGUS, plus rarement
chez t'homme au cours de photocoagutation thhrapeutique ou d'essais r~aLis~s chez des sujets voLontaires
devant subir une EnucL~ation.

Les critires retenus sont presque toujours t'atteintm ophtaLmoscopique ou L'observation photographique
de La l~sion, beaucoup plus rarement L'angiographie et L'histologie, exceptionneLLement L'Ltude fonctionneLLe.

It s'agit de Ldsions d~ceiabies 24 heures apr~s L'exposition, A L'exception de (1Etude de t'apparition
de cataracte plus tardive. Les illuminations sont rdatisdes dans des conditions variables et avec des
diamhtres d'image r~tinienne diffirents :Llexposition comme L'Energie intraocutaire ou La densitE
surfacique d'6nergie sont mesur~es et/ou caLcuL~es A partir de La photom~trie, dont La pr~cision ncest
pas toujours donn~e. Les scuits sont exprim~s A partir de r~suLtats exp~rirnentaux soumis A une analyse
statistique utitisant Le plus souvent, La m~thode des probits.

L'ensembie des observations permet de ddgager ['influence des trois facteurs principaux

-LA LONGUEUR D'ONDE

Les UV-B et UV-C sont absorbds surtout par ta cornde et La conjonctive provoquant photokdratite et
con jonctivite.I

L'UV-A par effet thermique provoque des L~sions du cristalLin et peut pour des vaLeurs d'exposition
en g~ndrat plus Alevdes que t'UV-B et C provoquer des kiratites par m~canisme photochimique.

La corne non prot~gie comme ta peau par Ie Stratum cornhen est plus sensible aux UV. ALors que i'UV-A
traverse pius facitement Le cristatLin, Les effets caracthristiques des UV-B sont plus importants
Lefficacith est ici tonction de La longueur d'onde (6 350 nm, 50% de L'6nergie parvient bien jusqu'au
cristaiLin, sans provoquer de lUsion aLors que moins de 2% de L'Anergie h 300 nm suffit A entra~ner
l'atteinte ).

bans t'UV-A, Le visible et Le proche XR-A, La r~tine est concern~e.
Dans L'IR-S et C, La transmittance ocutaire diminue et Lens atrations Lens plus marqu~es sont celtes

de La comnbe . Les travaux de HAM, 1978 (10) Sur Le singe Rh~sus (zone paramacuLaire) montrent L'infLuence
de diffhrents facteurs et enparticulier de La longueur d'onde.

L'irradlance r~tinlenne est exprinwAe en Watt.cm-2 (Tabteau 2).
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TABL.EAU 2

LASER xTRANSMITTANCE
nm 1 16 100 1000

Nd. YAG 1.064 56.1±5.3 37.5+4.2 32.5+3.1 24.0+3 0.76

He. Ne 632.8 29.9+1.4 15.2+3 8.4±2.8 5.4+2.3 0.93

Ar 610 22.0+1.9 12.301.1 8.101.1 5.8±0.3 0.92

CLOSR A 580 26.1±4.5 11.5±2.4 7.6±0.8 4.0±1.7 0.91

Ar 514.5 14.5±3.3 10.3±2.3 2.2+0.5 0.32±0.01 0.87

Ar 488 9.4+1.2 6.1±0.8 0.77+0.2 0.15+0.8 0.83

Ar 457.8 5.1±0.8 3.2+0.6 0.52±0.1 0.06+0.2 0.69

He. Cd 441.6 0.91±0.3 0.41±0.2 0.20±0.2 0.03±0.1 0.45

L'image r~tinienne est ici ponctuette ou voisine de 3Nj, Le diam~tre pupittaire est de 7 mm.

On retient dans Le spectre visible que Les seuiLs des brQtures r~tiniennes sont en g~n6raL beaucoup
plus bas pour Les dmissions de faibte Longueur d'onde.

bans L'uttraviotet, Les seujLs s'abaissent d'un facteur 60 environ pour Les X~ de 230-250 h 300 nm
comme Le montrent Les travaux de COGAN et at, 1967 (11), chez Le Lapin et Le primate, et varient essentieL-

Lement seLon La courbe d'absorption de La corn6e et de La conjonctive, pour La tongueur d'onde considdrde.
L'6tude de L'atteinte pour des Lisions juste supra-Liminaires r~v6Le A 6nergie 6gate, des diff~rences

notables dans LVatteinte des diff~rentes structures (F.A. DE LIESPERANCE, 1969)(12) ceci chez te Lapin
CHINCHILLA et Le primate, comme Le montre Le tableau 3, exprimant schhmatiquement L'importance de La
L~sion en foncticn de La tongueur d'onde.

TABLEAU 3

LASER KRYPTON LONGUEUR D'ONDE

2 ET ARGON 674 568 530 448 457 nm
20 m.Watt.cm- CORNEE ROUGE JAUNE VERT BLEU VIOLET

- Couche des fibres + + + + +

- Couche des ceLtutes gangtionnaires +

*PLexiforme interne

*NucL~aire interne + + + +

*Nuct6aire externe +++ ++ ++ ... ++
(noyaux-cones-bitonnets)

O Cnes et bitonnets +4+ +++ .. +

*EpithtLium pigmentaire ++ ++ + +

*Chorolde ++ + +

It existe en g~n~ral

- une atteinte plus importante du segment interne que du segment externe,

- Line zone d'absorption dLective surtout pour Les A plus courtos A ta jonction du segmpnt interne et
externe des photoricepteurs,

- w'ne accumulation de microcavitations dans La couche des photorecepteurs,

- une migration des m#Lanocytes Le 1,ng des fibres de Mutter,

- une rtponse plus marqu~e de L'6pithktium pigmentaire et de La chorolde aux grandes tongueur d'onde,

- une atteinte ainime et 6gaLe en toute X de La couche nucl~aire interne sans aLt~ration de la couche
pLoxiforme interne,

- une atteinte importante de La couche pLexiforme externe et do La couche nucL6aire externo,

- une aLt~ration du tissu interstitieL rapide et majoure,

- un oedb.. transitolre qui disparait pour toute tonguour donde en 4 6 6 jours.

Si te seulL est 4 1 10 fois plus 6Lev6, l'hbmorragie apnarait immkdiatement et des L~sions plus compLexes
dbtruisent tout to tissu rbtinien jusqu'h La scLhre.

-LA DIMENSION DE L'IMAGE RETINIEN4E

En giniraL, L'irradlanco rbtinienne nbcessaire pour provoquer une 1.6sion est inversement proportion-
neLLe au diamitrt do Llimago rbtinionne (HAM et at, 1968 (13), 1973 ( 4) - MARSHALL, 1970 (15).
On dolt souL1gner quo Los impacts do petite dimension sont plus rapidement refroidis par La vascutarisation
quo Los impacts 6 surface Large.



Chez Le primate, dans Lo Spectre visibLi, Le seuiL de L'irradiance r~tinienne pour uno image de 1()u
a1 mm vanie do 1 KW.cm-2 6 environ 1 0W.cm-.

Pour une impulsion do A~ = 694,3 nm et do 30 ins, to seuit vanie pour uno image de 50Oi 1 mm de
1,5 J.cm-A 0,02 J.cm- A 514,5 nm, pour tine impulsion do 100 us et une image do 20 6 200pj, tirradiance
rdtinionne passe do 0,5 J.cm 2 A 0,15 j.cmr2 .

- LE TEMPS

It sembLe quo ke mod6te thermiique soit on gkn6raL bien adapt6 b La d~termination des seujts do 16sion
Lorsque La dur6o d'exposition est sup~rieure h 1 ms ; mais Les resuttats exp~rimentaux sont dlinterpr~tation
plus d6ticate et divergent Lorsqu'iL s'agit des impuLsions plus courtos.

Pour des expositions variant entre 10 us et 10 s, Lo seuit augm~nte comme une fonction puissance (3/4)
do La dur~e t. Par contre, si La dur~e do t'imputsion ost comprise entre 10 ns et 1 ps, La rotation s'invorse.
Pour Los impuLsions do L'ordre do La ps, Los resultats exp~rimentaux sont fort disporsks , mais Les seuits
on gkn~raL augmontent

En fait, Los mecanismos sont pou connus, La photom~trie comme la mesuro du temps ost doticato et Les
r6suttats exp~rimentaux sont d'interpr~tation d'autant plus difficilo quo L'on veut d~torminer L'exposition
correspondant au seuiL do lesion, non soutomont dlimputsion unique mais de trains d'impuLsions pendant des
durees variables.

Les travaux do [EBBERS et at, 1973 (17)- LUND et at, 1973 (18)- HEMSTREET et at, 1975 (20)-
SKEEN et at, 1972 (16)- GIBBONS et at (19)] ont permis d'apportor des rensoignements pr~cieux dans to cas
do Laser A Neodyme et A Argon, dont La fr~quence do r~p~tition vanie do 1 b 10 KHz et do dur~e d'impuLsion
comprise entre 10 Ct 700 uis d'une part, 10 us et 1 ms d'autre part, et pendant des durkes d'oxposition
variant do 1 A 30 S; mais Los r~suttats exp~rimontaux soot dans t'ensembte tr~s fragmentaires pour permettre
d'accorder une confiance totale aux factours do correction proposds dans Los normes.

COMPARAISON DE LA DETERMINATION EXPERIMENTALE D'UN SEUIL D'ATTEINTE IRREVERSIBLE

DE LA RETINE AU MOVEN DE L'OPHTALMOSCOPIE SIMPLE ET APRES ANGIOGRAPHIE

Le dispositif d'ittumination est un Laser puts6 A coLorant initi6 par flash, dont La fr~quence do
recurrence maximate est do 15 Hz et dont La durde d'imputsion est 600 ns. Le spectre d'6mission est dans
to visible et correspond au spectre do ttuorescence do La RHODAMINE G.

Le faiscoau est divis6 on deux voies, P'une destinie A La photom~trie A l'aide d'un d~tecteur pyro-
6tectrique, t'autre ittuminant t'oeiL do t'animat A La pupitte ditat~e par cyclopt~gique. Le syst~me
optique permet La formation sur La r~tine do L'imago d'u' diaphragie circutairo do 2 et 4 mm ; soLon La
distance focaLe do L'animaL aduto et do m6me Age, L'image r~tinienne, choz to Lapin, tout au momns, a un
diambtre voisin do 370 pjm et 740 urn. L'oxposition est modifi6e en interposant des fittres neutros do
diff~rente densite. Los mesuros physiques sont connues avoc une pr~cision do 7%.

La premi~re 6tude concerno t'examen ophtatmoscopique du fond d'oeit. Ces observations ont Lieu l0mn,
1H, 24H, 8 jours, 15 jours aprbs Llexposition . Afin d'6viter des expositions trop, nombreuses et do
modifier ainsi Le seuiL d'atteirite do La retino, iL West jamais d~lir6 plus de trois impuLsions et
La ptupart des observations sont timit~es A uno seulo impulsion.

Les observations do La r~tine ont 6t4& ctassees en 10 stados:I

0 - FOND D'OEIL et transparence des milieux ocutaires normaux

1 - Diminution do transparence des milieux ocutaires

2 - Opacit4& griso do La r~tine

3 - Opacitd rose

4 - Opacit6 blanche nacr~e

5 - Opacit6 nacr~e en cours do cicatrisation

6 - Opacit6 nacr6e entourde d'un halo rouge

7 - Opacit6 plus ou momns rouge entour~e d'une ou pLusieurs couronnos bLanc nacrd

8 - Opacitt do stado 6 ou 7 en cours do cicatrisation

9 - Hd~morragie r~tinionno Locatisde

10 - Hkmorragie rdtinienne diffuse.

Le stade 1, fugace qui dure queLques heures est un ph~nombne do tyndatlisation des milieux transparents
do t'oeit et surtout du vitr6; it ompiche souvent do distinguer une t~sion plus importante qui n'apparaltra
quo 24 heures plus tard. IL en r~suLte quo La probabitit6 d'lobserver une l6sion est maximaLe A J+1.

Le stade 2, t6sion minimale mise en 6vidence, constitue un stade de t~sion irrdversibto. ELte
s 'accompagno toujours do L~sion irr~versibte des photor~cepteurs, mais La gino fonctionneLLe qui en
risutte est fonction do sa LocaLisation . bans Lo cas du Lapin, qui no poss~de pas de fovea mais une
zone aLLongie, La strie visuette, comme dans 1e cas du singe au niveau do [a macula, etto entralne un
scotome central important.

-IL existo uno riparation possible au stade 2;
ot~e ost suffisante pour faire dlsparaltre La Lision A Llexamen ophtatmoscopique si La tision est suffisamment
petite, mais Si L'ith6Lium ritinlen pout ricupirer une pigmentation pou diffirento do La normole, L'organi-
sation fonctionnetle des photonicopteurs et do La ritine nWest jamais au stado 2 restaurie.

Pour trois Longueurs d'onde et deux diambtres d'imoge ritinionne L'expression du pourcentage d'atteinte
en fcnctlon de L'lrradlence ritinienne ou do t'inergie intra-ocuLaire est donnie dans Le tableau 4.



TABLEAU 4

= 610 nm = 593 nm 580 nm

SR2 SRI SR2 SR SR2POURCENTAGE
V'ATTEINTE

1 7.52 2.93 5.81

8 9.9 25

10 4.85 70.89 40.84 9.85 76
20.8 75.7 175.5 10.5 326.7

30 58.33 206.68 143.42 179 259.16
250.7 221.1 616.4 191.5 1113.9

50 185.34 339.93 257.19 694 458.4
796.6 363.7 1105.4 742.6 1970

90 700.95 602.61 503.61 883.7

3012.7 644.8 2164.5 3799

100 889.69 667.74 568.08 994
714.5 2441.6

2
SRI = Surface ritinienne = 0,00107 cm

-  
( D2 = 0,370 mm)

2SR2 = Surface r~t inienne = 0,04298 cm- ( D2 = 0,740 mm)

Le premier chiffre exprime L'irradiance 
rdtinienne en J.cm-

Le deuxi~me chiffre donne L'6nergie intra-ocuLaire absorbie exprim~e en UJ.

L'atteinte est, L'observation A J1 du stade 2, plus petite LUsion irrdversibte d~celabLe. La r~partition
du domaine dnergetique expLor~e de 0,001 b 0,9 J.cm

-2 
a 4t6 r6alis6e seLon une Loi LogarithmiqLe en 9 classes.

L'ajustement de La relation dose-effet a 6td rdaLis6 avec une fcnction de ta forme

D = Log n B + K Logn X
ou
D est L'Anergie d6Livr~e
B est Le codfficient
X est Le pourcentage de sujets atte

i
nts.

Le seuiL de probabilit# retenu est p = 0.005.

Dans une deuxibme sdrie expirimentaLe sur un Lot de 100 sujets, subissant une ou deux expositions
L'apptication de La mithode angiographique A La fLuoresceine a Dermis d'itabtir de nouveLLes relations
dose-effet. L'angiographie A (a ftuoresceine consiste A injecter une solution A 10% de ftuoresceine dans le
systime circutatoire et A observer et photographier Le fond d'oeil eclair6 en Lumibre bieue dans une bande
de Longueur d'onde - excitant 6tectivement - La fLuoresceine (470 nm).

Les risultats sont rassemblds dans Les tableaux 5 et 6 et dans Les graphes (figures 1,2 et 3) exprimant Le
pourcentage de Lisions observies en fonction de L'irradiance.

TABLEAU 5

A = 593 nm SR2 = 0,004298 cm
2

ANGIOFLUOROGRAPHIE ANGIOFLUOROGRAPHIE OPHTALMOSCOPIE SIMPLE
H +1 j + I bJ + I

POURCENTAGE
D'ATTEINTE

1 5.14 2.9

5 0.0333 5.53 18.5

10 0.164 6.06 40.8

20 0.810 7.28 90.0

50 6.686 12.60 257.2

75 17.000 19.96

100 32.980 31.60 568.1

RELATION

DOSE/EFFET D = B. X
m  D= + m Log, X a. X

m

S21.9033- 88.2597 0.38972
m 0.4347 54.5347 0.87468 ;

2 0.99446 0.998 0.91 "

t 18.92 27.34503 4.907,

-p 0. 001 0. 001 O. 005

t 8.61 12.94 4.773



TABLEAU 6

ENERGIE INTRA-OCULAIRE EXPRIMEE EN uV

A=593 nm Surface ritinienne =0,004298 cm
2

ANGIOFLUOROGRAPHZE ANGZOFLUOROGRAPHIE OPHTALMOSCOPIE SIMPLE

A AO A Ji A i
POURCENTAGE
D' ATTEINTE

1 22.09 12.46

5 0.143 23.76 79.51

10 0.704 26.04 175.35

20 3.48 31.28 386.82

50 28.73 54.15 1105.44

75 73.06 85.78

100 141.74 135.81 2441.30

EXPOSITION MAXIMALE ADMISSIBLE 5.10-7 j.Cm 2 h La comne,
c 'est A dire pour une pupitte de 7 mm
0.19 pjV intra-ocuLaire

(L'image ritinienne est ators jorctueLLe)

On observe que Sur cette mime s~rne expirimentaLe L'irradiance n~cessaire pour observer un oedeme de
La ritine d~cetabLe 1H apris L'exposition est beaucoup plus faibte que ceLLe correspondant A L'observation
de La [Asian stade 2. A J+1, une irradiance de 0,035 J.Cm-2 suffit A provoquer ['apparition d'un oedime
du fond de l'oeit avec une probabitit6 de 100% ; L'6nergie n~cessaire pour observer en ophtatmoscopie
simple un stade 2 avec La curfe probabiLit6 est dans Les mfimes conditions exp~rimentaLes de 0.570 J.cm-2 .

Les 6tudes en ccurs sur MACACA MULATTA et sur MACACA CYNOMOLGUS mettent en Avidence Le mime ph~nomine
(figure 4).

Le fait qu'h probabiLitA 6gate L'irradiance requise pour observer une tache fLuorescerte sur la ritine
est beaucoup plus faibLe que ceLLe nicessaire pour provoquer L'apparition d'une d~pigmentation stade II
pourrait Laisser supposer que Le phinomine oedime ne s'accompagne pas de L~sion d~finitive.

Or L'Atude histoLogique d'une Lision ddcetabte par angiographie seuLe (A ['irradiance de 27.10- J.cm-
(figure 5) nous montre que L'oedime est manifeste au niveau de La couche des photor~cepteurs. une
siparatio, et une dissociation apparaissant nettement entre Les segments externes et Les segments internes.
La Ldsion ne touche essentieLLement aue L'6pithilium pigmentaire, La couche des photor~cepteurs et Les
protongements des ceLLuLes de MuLLer, situ~s sur La Limitante interne mais eLle est d~finitive.
A La diffirence des irradiances plus fortes (70 A 90 mJ.cm-2) Les couches nucL~aires externe et interne ne
sont pas L~s~es par cette irradiation et on n'observe pas de noyaux oycnotiques ou de vacuoLisation dans
ces deux co~uches.

L'exposi de ces nombreux paramitres comme L'anaLyse de ces r~suttats conduisent A PLusieurs rkfLexions
L'6tabLissement des normes de sicurit6 est riaLisA A partir d'une compilation des travaux exoirimentaux
(tableau 7) et it. est g~niraLement fait appeL aux conditions Les plus d~favorabtes :adaptation nocturne
et ouverture pupiLLaire maximate de 7 mm. Partant de L'observation d'un effet irriversible et de ['exposition
permettant d'observer 50% de sujets [isis, un facteur de sicuriti F variant entre 10 et 100 est appLiqu6 et
t'exposition maximate timite est difinie par ['expression

EMAX = DL 50%

IL apparait aLors immidiatement que L'6vaLuation des normes est essentieLLement fonction

* du critire de L'atteinte, de sa nature et de La date de ['observation par rapport h L'iLtumination
* de La relation dose-effet et surtout du pourcentage d'atteinte choisi :1, 10, 33, 50 ou 100 %
" de ['incertitude de certaines dornies exDirimentaLes et de La comptexiti des phdnomines Atudiis.

On sait que pratiquement seuLe L'Atude des Ldsions irriversibLes de La ritine, de La comne ou du crista(L)
* prisident A t'dtabLissement des recommandations actuettes. Si Le fait qu'eLLes ont 6t# diterminies sur

['animaL ne constitue pas un obstacle majeur (GABEL et aL.,1980). it apparait nicessaire de priciser Les
* effets d'iLLumination ripitie ou de Longue dune, de diterminer de facon oricise Le diLai acceptable entre

deux expositions A Peine infra Liminaires, de connaltre ['effet d'imputsions ultra courtes. d'approfondir
* La nature des micanismes des Achanges 6nergitiques dans Les illuminations brkves et r~pities et de giniraLiser

Les 6tudes d'effets fonctionneLs. IL est nicessaire de s'attacher non pas tant au crittre anatomique qu'aux
* atteintes fonctionnettes se traduisant par une baisse de La sensibiLit6 ritinienne, une modification plus

ou coins irriversibte de ['adaptation. une attdratioi plus ou mains difinitive du sens chrocatique.
Sachant Quo Les phdnombnes dtudis ne sont pas stochastiques au sons Propre du terme. iL nous parait prif#-
rabLe d'6vaLuer Les expositions maximates admissibLes A partir d'une probabilit6 d'atteinte de 10% , et
dans tous Les cas de priciser La vaLeur des coefficients de sicuriti en faisant rif~rence A La nature des
critires utiLisis. Si ['on admet enfin qu'iL est nicessaire de riaLiser un effort de prisentatlon des normes
actueLLement diffusies, iL sera ces riserves faites,nLus facile dWen faire admettre La vaLiditi.
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TABLEAU 7

SEUXLS DE LESION - OPHTALROSCOPIE SIMPLE - POUR DES IMPULSIONS COURTES

AUTEURS SUJETS DUREE DIMENSION TACHE ENERGIE A LA ENERGIE INTRA ENERGIE DE LA t
AUTEURS UJT (en nm) D'IMPULSION RETINIENNE (p) CORNEE (uJ.cm-

2
) OCULAIRE (uJ) RETINE (mJ.cm

-2

HAM eAt at. LAPIN 694,3 35 ns 800 350
16 ns 400 300

150 390
50 260
8 290

STUCK B.E. M.RHESUS 694,3 30 ns 50 20 1020
et at. 1000 202 25

FRISH E.D. M.RHESUS 654,3 30 us MacuLa (3mm) 9,8+3,4
et at. Extra MacuLa 16,9+3,2

MacuLa (7mm) 11,8
24,7

LUND D.S. M.RHESUS 514,5 100 us 115
et at. 500 us 284

GIBBONS M.D M.RHESUS 440 5 us 25 - 50 159 (64-187)
et ALLEN R.( 530 156 (87-266)

924 240 (172-1102)

GRIESS G.A. M.RHESUS 532 16 us MacuLa 8.47
et at. Extra MacuLa 10,30

TOBOADA J. M.RHESUS 532 250 us 1 - 16
et aL.

ZNENG et M.RHESUS 693 10 us 50 22
VASSILIADIS HOMME 50 68

IfI

I..

.4'-
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Figure 4 -Fond W'OOL du MACACA MULATTA apr~s t~sion de 35 rnJ.cm--



Fig. 5

Figure 5 -Partie centrate de tesion observeie 24 heures apres une imputsion laser doLivrant une
&nergie de 27 mJ.cm-7 A La retine ( X 780 ).
Det, couches seutement sont atteintes ;L'6pithe~um vigmentaire (7), et La couche de
segments internes et e ,ternes des photorecepteurs (6). It y a sous La timitante interne
et dans La couche des cetLutes gangtionnaires (1) une forte vacuotisation des
protongesients gLiaux.
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Fig.6

Figure 6 -Partie centrate de La Lesion observee 24 heures apres une impuLsion Laser detivrant ur'e
&nergie de 90 mJ.cm- A La retine (X 750 ).
La Leson coneerne essentiellement La Lame de Bruch. L'&pith&Lium pigmentaire (7),
Les segments internes et externes des photor~cepteurs (6), La couche ntucL~aire interne (3)
et Les protongements des cettutes de MCjLLer situ~is dans La couche des COLILLeS qanqlionnaircs.
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Figure 7 -Partie centrate de La Lesion observee 24 heures apres une imputsion Laser detivrant une
Onergie dle 70 mJ.cm- a La retine ( X 750 ).
Les couches rdtiniennes Lesees sont L'Opith~tum nigisentaire (7), ta coucl'e des segmsents
internes et externes des photorecepteurs (6), La couche n~ucL~aire externe (5). ta couche
nucteaire interne (4) et La couche des ceLtutes qangLionnaires (1).
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